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PREFACE. 



OuB object in preparing this mBanal was to provide ia convenieat 
form a sufficient Diuaber of suitable leeaons in laboratoiy work, and at 
tiie same time to embody in the book tiie facts of inorganic ohemistiy 
most important to pharmacy and medicine. It contains experiments 
intended to familiarize the student vith the properties of the principal 
elements, lessons in synthetical chemistry, a systematic course in qual- 
ibktive analysis, examples in quantit^ative determination b, including the 
official methods of assay for a few important drugs, and a short chapter 
on the chemical and microscopical examination of urine. 

Among the lessons in Part II will be found the working formulee of 
the phannocopaeias for many of the preparations. 

Students pursuing synthetical work without an instruotor can snc- 
cessfnlly and with benefit make most of the pharmaceutical preparations 
included in the Second Part, with the aid of the explanatory notes it 
contains. For purposes of practice the quantities of materials oper- 
ated npon may, of course, be small and the outfit of apparatus limited 
to the list given in the appendix. The proportions of the materials are 
stated, sometimes in parts by weight, and sometimes in definite quanti- 
ties expressed in terms of the metric system, which will afford usefnl 
practice in the application of both forms. 

The portions devoted to analytical methods are necessarily much 
condensed, but believed to contain all that is essential in a work of this 
character. 

THE AUTHORS. 
Chicago, May, 1887. 
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THE NON-METALS. 



CHAPTER I. 



OXTOEN. 

OZYGiiNIUU. 

O. 15.96. Sp. gr. (a-i) 15.96. 

Orygea is tbe most sbundant of tha elements, coDstitating 88.87 per 
oenL of water and 22.99 per cent of air. 

The mass of the earth's omst is made up of old crygtalliae rocks 
contaiuJog about 46 per cent, of oxygen, in the mean. 

The gas can be taken from the air by several indirect processes, but 
for most purposea it is obtained by the decomposition of some of its 



S<^e of these decompositions are illustrated in the following 
experiments: 

Exp. 1. Heat a few Om. of mercuric oxide, HgO, in a tube 
of bard glass, held in the flame of a Bonsen bumeir. The red masstoms 
dark, and sooq small globules of mercury con be seen on the cooler 
parts of the tube above the flame. At this stage hold a glowing 



THE ELEMEXTS. 



^baier jw* wiOaa the mamb ot the tube. It will remflune and bam 
briUiantJT. Tlds indicatce the pveseoc^ of oxrgeo libent«d amndiog 
to Ute CoUowing eqastkn: 



£xp< 2. HJz abcmt 15 Om. of powdered potassium chlorate. 
KClOj, with 5 Gm. of mangaoene dioxtdfs MjiO„ and fa«at in a tub«' 
of bard gla«w connected with a deliveiy tube as ahowo ia Fig. L The 
KCIO, pailA with the whole of its oxygen, as this eqoatioa indicates: 

2KC10,^2Ka+30^ 

The manganese dioxide is not changed, bnt br its presence causes 
the chlorate to break tip at a lower temperature than woold be the case 
withoniit. 

Ah noon bh the air has been diiren ont of the tabe, collect the escap- 
ing gsH ID wide-month bottles of 200 C.c. capacity. These bottles are 
firrt filled with water, covered with glass plat«e, and inverted so as to 
stand on a little bridge over the open end of a delivery tnbe. As each 
bottle fillH, close it with a stopper or glass plate, and set aside for 
snbAeqnent teste. 

As the EClO, containa 39.1 per cent, of oxygen, the 15 Om. should 
fnmisb aboat 400 C.c of the gaa 

This method ia the one nsoally employed in making laige quantities 
of oxygen for experiment, or for prodnction of the calcium light. 



THE ELEMENTS. 5 

Copper retorte. Fig. 2, holding from half a liter to four or five liters, 
are employed in such cases instead of glass, and the gas is collected in 
rubber bags, or ia gasometers of zinc, copper, or plate iron. Fivehnn- • 
dred Gm. of KCIO^ mixed with 150 Geo: of MnOj, fumiah about 
120 liters of oxygen. Care should be taken to use dry materials, 
which most be free from organic matter. The MnO^ is sometimes 



adulterated or accidentally mixed with carbonaceous matter (as pow- 
dered coal), and serious results have followed from the action of this on 
the liberated oxygen. 

Manganese dioxide alone is sometimes used in making oxygen. It 
decomposes at a high temperature in this way: 

3MnO,^=Mn,0.+Oy 

The most striking property of oxygen is shown by its combination 
with various snbstanceK. 

Exp. 3. Attach a piece of charcoal to a bent wire, bring it to 
a glowing condition in the lamp flame, and plunge it qnickly in a bot- 
tle of tiie gas. It bums brilliantly, throwing off showers of sparks. 
Pour some lime-water in the bottle at the end of .the reaction, close 
with a glass plate, and shake. A white precipitate is formed, owing 
to the combination of a constituent of the lime-water (calcium hydrate) 
-with the gas produced by the combustion of the charcoal. Ilhe gas 
i» cjtrbon dioxide. 

C,+20j=2COj. 

The precipitate consists of calcium carbonate. 



db.Google 



6 THE ELEMENTS. 

Exp 4. Melt a little Bulphnr ia k deflagrating spooo, heat it 
ttntil it begins to bnm, and then plunge it into a botUe ot oxygen. It 
Will bum with a blue flame mnch brighter than in the air. 

In thia caae Hulphur dioxide is formed which can be recognized by 
its characteristic odor. 

lEixp 5 Carefully dry a very »inall piece of phosphorus be- 
tween folds of filter-paper, place it in a deflagrating ei>ooD, ignite it 
by holding for a second in the lamp, and thrust quickly into a bottle of 
oxygen. Immediate combustion takes place, an intense white light is 
produced, and the bottle soon fills with fumes of phosphoric oxide, 

P,+50,-2PA- 

In each of these three experiments an oxide was formed. By pour- 
ing water into the bottlea and then testing this with litmus paper, it 
will be observed that in each case a body of acid reaction has been 
formed, aa will be explained later. 

A metal burned in the gas would be converted into a metallic oxide 
with properties very different from those of the compounds resulting 
from the above experiments. 

Oxygen is sometimes used for inhalations. For this purpose it must 
be carefully wa.sbed by passing through two wash-bottles before reach- 
ing the gasometer. 

The first bottle should contain solution of sodium or [wtassiam 
hydrate. 

OZONE. 

The preparation of ozone, a form of oxygen, vrill be referred to when 
discussing some ot the properties of iodine. 



HTDBOOEN. 
htdbogekhtm. 

H. 1. Sp. gr. («-i) I. 

Hydrogen has been found fn^ iu nature in very small quantities, as 
in volcanic gases and emanations from oil wells. 

Combined, it occurs abundantly, as in water and in animal ^ad \eg- 
etable tissues. 

It can readily be liberated by decomposing water by the electric 
current, or by the action of potassium or sodium. 
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Exp. 6. Kooloee B piece of sodium in a, small cylinder made 
' of wire gauze to which is attached a wire handle. Fill a bottle with 
water and invert it in a pan of water by aid of a glass plate. Incline 
it a little to one side and quickly depresH the cage with the sodium 
beneath it^ mouth. Bubbles of gas ascend and displace the water in 
the bottle, the decomposition taking place according to this equation: 
2HjO +Na, -- 2N80H+H;^ 

For the success of this exi^eriment the bottle must be quite tilled 
with water, and the piece of sodium taken, small 

Hydrogen is commonly obtained by the action of zinc or iron on 
dilate Eolphuric or hydrochloric acid. 

Exp. 7. Some pieces of grannlated zinc are placed in a but- 
tle of 2uO Cc. capacity fitted with a funnel tube and delivery tube as 
shown in Fig. 3, and covered with water. Dilnto snlphuric acid, H,SO„ 
in ponnnl tiirough the funnel tube, and immediately gives rise to 
the liberation of gas. This displaces the air, and in turn escapes from 



tho delivery tube. The open end of the latter is placed under collect- 
ing bottles filled with water, as used in obtaining oxygen, and as fast 
aa the bottles fill with the gas they are removed, fitill inverted, and kept 
for the tests to be described. 

In this experiment care must be taken to allow the air to be com- 
pletely expelled by the generated gas before saving it for experiment. 
Before the expulsion of the air it would not be safe to bring a light 
near the end of the delivery tube, as an explosion might follow from 
the ^nitioQ of the mixture of hydrogen and oxygen within the bottle. 

nie deoomposition takes place in this way: 
Zn +H,S0.=ZnS0.4-Hr 
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] 00 Qm. of zinc and 85 Cc. of strong enlphuric acid, diluted with 10 
volumes of water, will furnish 34 liters of the gas. ■ 

The gas can be tested in several ways. 

Exp. 8. Thrust a lighted match or taper into a bottle held with its 
mouth downward. The gas burns with a clear flame while the flame 
un the end nf the match within the bottle is extinguished. 

Exp. 9. Makeamixtureofhydrogenandair,bybringingani'mpty 
bottle, ^noulh upward, beneath one of the same size filled wi& gas held 
with its month downward. By keeping the bottles together and tnming 
them so as to bring the upper one below, the two gases become mixed. 
By bringing them now to a flame a sharp explosion follows, from the 
union of the oxygen of the air and the hydrogen. 

In the 8th experiment the light hydrogen in the inverted bottle 
excluded the air, which could only enter after the combustion. 

Exp. 10. Remove the delivery tube from the still active gener- 
ating bottle and attach a tube, drawn to a point, and directed upward; 
light the escaping gas, and hold a dry bottle over the flame. The inner 
veHh soon become covered with a film of moisture from the water pro- 
duced by the combustion of the hydrogen. 

2H,-|-Oj=2H,0. 
This experiment is conclusive in showing the formation of watei 
only when the gas is dried by passing through a tube containing calcium 
chloride in small pieces, or pumice-stone moistened with strong sul- 



phuric acid. Either of those substances would remove the moisture 
mechanically carried along from the generator. (Hee Fig. 4.) 
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There are several processes by which more or leas impure hydjogen 
can be made oa a large scale, for filling balloons or for burning with 
oij-gen, in producing aflame of great heat. 

When steam is passed over charcoal or hard coal contained in a 
fireclay retort and heated to whiteness, it is decomposed, the hydrogen 
being liboratttd, while tiie oxygen combines to form oxides of carbon, 
according to the following equations: 

2H,0+C,=2H,+2CO. 
4H,0+C,-4H,+200,. 

By properly regulating the heat and amount of steam passed, the 
decomposition may be made to take place chiefly according to the 
second equation, in which case the CO, formed can be absorbed by 
passing the gas over slaked lime, leaving nearly pure hydrogen. 

HYDBOOEH ATTD OXTGEN. 

These gases unite to form water, as shown above. They also form 
a second componnd, hydrogen dioxide or peroxide, H,Oj, of considerable 
practical importance. 

The chief properties and tests of water will be given in a subsequent 
chapter. 

Hydrogen dioxide is a liquid of 1.452 speciiio gravity; but as in 
the pure condition it is very unstable, it is usually handled in water 
solution. It is best made by the action of barium dioxide on a dilute 
acid, as sulphuric: 

BaO,+HjSO.=BaSO,4 H,0^ 

Exp. 11. AddtolOC.c. of dilute sulphuric acid (1 to 0) four or five 
Om. of barium dioxide, a little at a time. When the white precipitate 
of barium sulphate has subsided filter the liquid and test it It is a 
dilute solution of HjOj. Immerse in a portion of it a strip of ozone tett 
jHiper, prepared as described later. It will turn blue, proving a strong 
oxidizing action. 

Add to the rest of it, acidified with dilute sulphuric acid, a solution 
of potassium permanganate. The color of the latter disappears. On 
this reaction is based a method of finding the amount of the H^O, 
present in a solution. 

2KMnO.+3H,SO.+H,0,=K,SO-f2MnSO.+4H,0+30r 
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CHAPTER 



CKLOBINE. 

CHLOB1TM. 

CI :*-yt Sp. gr.(»-;i ;to.i. 

ChkiriD<- do<-4 nut occur fre<'. but in combioaiion. chieAv a-^ ■^odiom 
awl |iota.-Aiiiin chlorides. 

It M )M-«t prepared from one of its artificial compooods. hydjucfaloric 
acid, hy beating this with sotnetliiiig which has a strong affinity for the 
bydrof^ of the acid. Mauganesi> dioxide Is commoDly emjiluvivl for 
tfai>4 fittrfHr^. and the leactton which takvs plac« is thi>': 
MDO,-^4HCn=cn-Mun-2HA 

Fc-tanniuto bichroinal<> i-' a st-cond snbstancp which may be used, 
with the r(«ctioD : 

K,CrA+'^HCl^:iCI,-r'-iKa-i-Cr,a,-rTH,a 
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Exp. 12. AjTHngfl a flask as ehowa in Fig. 5, and charge ii 
^th about 20 dm. ot the MnO^ in small lumps or eoaise powder, and 
about 50 C.c ot strong hydrochloric acid Apply heat and collect tho 
gas evolved by downward displacement, as represented in the figure, 
Qover the botUes, as filled, wiUi glass plates, and apply the teste given 
below. 

It will be noticed that the greenish yellow gas poBsesses a disagree- 
able pnogent odor. Care mnst be taken not to inhale mach of it, as it 
is extremely irritating to the air passages. Experiment has ehown that 
it is about two and one-half times as heavy as air. It has a very great 
affinity for many of the metals, combining with some of them to produce 
light and heat. It combines readily with hydrogen, and in some cases 
can displace other elements to enter into ench combination. It can 
likewise displace bromine and iodine to combine with metals. 

Exp. 13. Remove the cover from one ot the bottles, and by 
means of a piece ot gauze sift in some powdered antimony. Vivid 
oombustioa takes place, and white fumes of chloride of antimony fill 
the bottle. 

Exp. 14, Warm a little oil ot turpentine in a test tube, and im- 
merse in it a strip of filter-paper. Dip this now in a second bottle of 
the gas, and notice that it soon commences to smoke and finally bursts 
into flame. The oil ot turpentine consists ot carbon and hydrogen, the 
former of which is liberated as soot, when the hydrogen combines with 
the chlorine to form HCL 

Exp. 16. Moisten a bit ot printed cotton goods (calico) in water 
and hang it in a bottle of the gas; after a time it becomes bleached. 
The coloring matter contains substances easily acted upon by chlorine 
itself, or by the oxygen liberated from water by the action ot the 
chlorine. 'Die perfectly dry gas bleaches only after prolonged action, 
in which case the whole fabric may be destroyed. 

Exp. 16. Make a paste by boiling some starch with water contain- 
ing a little potassium iodide; spread this on strips of paper, which 
immerse in a bottle of the gas. A blue color appears immediately on the 
paper, due to the action of the liberated iodine on starch, as soon to be 
explained. The chlorine in this experiment displaces iodine to combine 
with potassium. 

Clj+2KI=I,+2KC1. 

Chlorine is used on a large scale for bleaching, and for this pur- 
pose it is liberated from "bleaching powder" by some acid. Bleach 
mg powder oontains, as its active ingredient, calcium hypochlorite, 
which is readily decomposed by acids, even by the carbonic a^d ot the 
sir, with liberation of chlorine. 

Exp. 17. Place some bleaching powder in a beaker and pour over 
it a little acid, as moderately dilute HjSO,. The gas is liberated, and 
soon fills the bottle. The tests given above can be applied. 

For bleaching on the large scale it is simply necessary to moisten 
the goods and hang them in rooms, the floors of which are covered by a 
layer of the powder. The carbonic acid in the air gradually liberates 
chlorine, whidi in turn acte on the coloring matter present in the raw 
goods. 
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A more rapid process is to dip tbe goods in a dilute ocidaad then 
ID ;i solution of the powder, repeating the operation several times, and 

washing finally with water. 

CHI:UKI.\E KUUieATION, 

A room can be fumigated, after removal of furaiture^ clothing or other arti- 
cles liable to be spoiled, b; placiiiK In a shallow plate or dish 20 Qm. of powdered 
MuO] aud 50 C.c, of strong HCl, cjoslng the doors aod windows and leaving this 
in tbe center of the room on a box or table. 

If these materials are not at hand, "bleaching powder" and vinegar may be 
substituted, but a large excess of vinegar would be required, and the action would 
be slow. 



Fis. e. 
CHLOBINE WATEB. 

AQUA CHDOBI. 

Chlorine water is a solution of the gas in water, and Can be prepared 
by conducting it from the generating flask into a bottle or beaker of 
water. 

For pharmaceutical uses it is necessary to wash the gas by passing 
it through the water of a single Woulfe bottle (as shown in Fig. 6) 
before leading it into the distilled water to be saturated- The propor- 
tions in Exp. 12 are sufficient for making a liter of chlorine water: heat 
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should not be applied to the genersting Bask at first, and finally only 
gently. The wash-bottle is used to retain small amounts of hydio- 
ohloric acid which are carried along with the chlorine. The receiv- 
ing bottles of about 250 C.c. each should be kept at a temperature 
of about 10° C, and when the water in them is saturated, they should be 
tightly stoppered (with glass) and kei)t in a dark cool place. The 
point of saturation can be learned by stopping a bottle and shaking it 
thorpughly. If the greenish yellow gas is still seen above the water 
enough has been passed in. Otherwise, it should be further charged. 
The solution should contain 0.4 per cent, of chlorine, and its value can 
be found by applying the appropriate test given luider the head of 
'Volumetric Analysis. 



^' 
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Exp, 18. Add to a little chlorine water some solution of indigo 
or aniline violei The colors will be discharged. 

Immerse a piece of the starch-ionlide paper in another portion. It 
will become blue aa explained in the reaction given above 

CHLOBIHE AND HYDBOQEN. 

These substances unite directly to form hydrochloric acid. This is, 
however, commonly prepared by decomposing a chloride by sulphuno 
acid, as: 

NaCl+H^. = NaHSO, +HC1. 
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Bxp. 19. Powder abont 25 Gm. of commun salt, NaOl, poor it 
into a flask of 500 to 800 C.c capacity, and add 30 C.c. of Bbocg snl- 
phnric acid. The flaeb is furnished ^th e funnel tnbe and deliveiy 
tnbe, as shown in Fig. 7. To the delivery tube are attached two Woulfe 
bottles of about 400 C.c. capacity. Each cxmtains 200 C.c. otwater. 
The delivery tnbe from the generating flask muBt act quite reach the 
water in the first bottle. The tnbe leading from this dips into the watw 
of the second. The safety tabes in the central openings of each bottle 
must dip into the water and be open at each end. 

Have the apparatus ready before adding the acid to the salt 
When they are mixed the action commencBs immediately, and continues 
for some 'time without applioation of heat Finally, place a lamp under 
the flask and heat gently. 

The HCl, whidi in its pure state is a gas, distils over, and is 
absorbed largely by the water of the first bottle; what escapes passes 
into the second and is held there, as it is very soluble in water. After 
about half an honr remove the lamp and disconnect the bottles. Place 
the flask in a fume closet, and when cold dissolve out the residue with 
water. 

Test the contents of the bottles as below. 

Exp. 20. Immeree in a small portion of the liquid a piece of blue 
litmus paper. It will tnm red. To another portion add a few drops 
of solution of silver nitrate. A white precipitate forms. 

Exp. 21. Take abont 100 C.c. of the liqnid in the se<»nd botUe 
and add to it with constant stirring a solution of sodium hydrate until 
an aUudine reaction is jnst reached; that is until red lihnus is just 
tiuned blue by the mixtorev Now add a C.c more of the contents of 
the second bottle to the mixture, and evaporate it to dryness in a porce- 
lain diah. A white residue will be left, which the tciste shows to be 
common salt. 

NaOH+HCl=NaCH-H,0. 

Commercially, hydrochloric acid ia made by heating the salt and acid 
in large iron retorts, and absorbing the gas in water contained in stone- 
ware Woulfe bottles. 

One volume of water at 0° C. will absorb DOS volnmes of the gas. 
The ordinary commercial acid is, however, much weaker than this. 

Fuller details on manufacture, strengtli and properties of this add 
will be given later. 



BBOMINE. 

6HOHUH. 

Br. 79.8. Sp Gr. ai8. 

Bromine occurs chiefly in the waters of salt springs and in the sea- 
It is a heavy red liqnid which vaporizes readily, the vapors being even 
more irritating than chlorine. It can be obtained from the residue left 
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on evaporating the water of the springs where it occurs, after the 
crystalUzatioo of most of the sodium chloride. Two experiments will 
illnstrate the liberation of bromine from each a residne. 

Exp. 22. IMasolve a few crystals of }K>tassium bromide itk 5 C.c. of 
water and pass into the eolution some chlorine, generated as explained. 
Note the red color of the liqoid'due to the free bronune, displaced as 
Hhown by this eqaatioo. 

2KBr+Cl, = Br,+2KCL . 

This test is frequently employed to detect the presence of bromine 
in a bromide. The second experiment illustrates the reaction employed 
in working on a large scale. 

E^). 23. Mix two or three Gm. of powdered potassium bromide 
with an equal weight of manganese dioxide. Place the mixture in a 
small retort on a sand bath and pour over it a mixture of one part of 
water and two parts of strong sulphuric acid and apply heat Bromine 
IB liberated and can be distilled and collected in a cold 'receiver, and 
used for the tests below. 

2KBr+3H,SO.+MnOr-Br,4-2KHSO.+MnSO.+2Il,0. 

On the large scale this process would not yield pure bromine because 
of the presence of chlorides, and, possibly, iodides in the raw material. 
When the latter are present they must first be decomposed by the action 
of a small amount of MnO^ Then the main distillation is carried out, 
and the chlorine present is removed by washing with water and subse- 
quently distilling over solid potassium bromida 

Bromine bleaches as does chlorine, but its action is by no meuia as 
powerful It is somewhat soluble in water, forming a solution known 
• as "bromine .water." 

Exp. 34. Bepeat the bleaching experiments given under chlorine, 
using broQUue water instead 

Bromine impartti to starch paste an orange yellow color, which is 



Exp. 35. Make a thin starch paste by rubbing a pinch of starch 
with wat«r to make a cream and boiling it. When cold, add some of 
the bromine obtained above or a little bromine water. Tlie color fades 
after a time. 

Bromine is used in the direct preparation of many of its compounds. 
It must be kept in glass- stoppered bottles in a cool place. . For ship- 
ment these are packed in tin cans vrith dry earth. 

Bromine can be examined for impurities by mixing two or three C.c. 
with tea times its volume of water, saturating with ammonia water, and 
making tests for chlorine and iodine as given in the systematic course 
of analysis iu Part III of this book. 
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IODINE. 



lODUU. 



L 126.6. Sp. gr. 4.95. 

Iodine exiats in sea water, from which it is taken Tip by plaata 
These ore collected and buraed at a low temperature, leaving the iodiae 
combined with potassium, sodium and magnesium as iodides. 

It may be liberated, aftei:' several preliminary operations, by pro- 
cesses similar to those employed for bromine. 

It is a dark gray solid, with a metallic lustre, resen^bling chlorine 
and bromine in most of its chemical properties, but weaker. It bleaches, 
for instance, bat only aft«r prolonged action. 

It vaporizes readily as shown in this way : 

E!xp. 26. Heat a small crystal of iodine in a test-tube. A vio- 
let vapor is formed which ou cooling deposits fine crystals on the upper 
part of the tube, 

PourafewO.c. of water in the tube and shake. That a small amount 
of the iodine has dissolved can be showu by pouring this water over 
paper smeared with starch pa.ste; a deep blue color forms, due to a com- 
bination between the iodine and a portion of the starch. 

The above reaction constitutes one of the most delicate t«sts for 
both iodine and starch, and in the part of this book relating to volu- 
metric analysis it will be seen that, indirectly, great u.se can be made 
of it in other tests and determinations. 

Strong oxidizing agents as chlorine and ozone can decomjx>se 
todidefl, liberating iodine, as already illustrated for chlorine. 

Test-paper, covered with starch paste containing a little potassium 
iodide, is of great use in the laboratory for showing the presence of such 
gases. 

Exp. 37. Prepare some ozone by the action of moist air on phos- 
phorus, in this way: Scrape a small stick of phosphorus, under water, 
until it is free from the superficial layer of oxide. Now place it in a 
beaker in the bottom of which is a small amount of luke-wann water 
not quite sufficient to cover the phosphorus. Suspend a strip of the 
test-paper within the beaker and lay a card on top. After a time the 
paper turns blue as the generated ozone decomposes the iodide: 
20,-f 4EI+2H,0 = 20,+2I,+4KOH. 

Notice at the same time the peculiar odor of this gas. 

Test-papers prepared by covering good book-paper with a paste of 

Water 1000 parts 

Starch 50 " 

Potassium iodide 5 " 
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and drying in an atmosphere free from oxidizing gases, form the so- 
cailed SchOnbein test for the presence of ozone in the air. The paper 
is cnt in small strips (2 Cm, by 10), moistened in pure water and ens- 
]iei)ded in the air. If. a blue color appears it shows the presence of 
ozone or some other strong oxidizing gas. 

Iodine is used in the direct preparation of several of its compounds. 

It fihoold volatilize completely, dissolve in alcohol, carbon bisulph- 
ide, chloroform, and solution of potassium iodide, without residue. It 
should not show more than traces of bromine or chlorine when examined 
by methods to be given later. 

TIHCTUBE OF lODINB. 

TINCTDSA lODL 

Iodine 80 Gm. 

Alcohol 920 Gm., or 1,135 Co. 

Sedace the iodine to a coarse powder by trituration. Then add it to 
tiie alcohol in a glass stoppered bottle. Set the mixture in a warm place, 
and occasionally agitate the bottle until the iodine is dissolved. 

e In a warm 



COUFOTTND SOLUTION OF lODIITE. 

UaUOB lODI COUFOBITUS. 
ldbol's aOLDTiaN. 

Iodine 50 Gm, 

Potassium iodide 100 Gm. 

Distilled water 850 C.c 

Dissolve the iodine and iodide iu the water. 

Keep the solution in a glass stoppered botUe. 

TOBtS. — The thioBulphate solutton should show 6 per cent of Iodine. 

IODINE LINIMENT. 

UHnaiHTUBi lODi; b: 

Iodine 50 Gm. 

Potassiam iodide 20 Gm. 

Glycerin 10 Gm. 

Rectified spirit 4(M) Co. 

DisBolva 
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DECOLOBIZBD TlTSCTTSBS OF lODIKE. 

THrCTUIU lODI DBCOIiOBATA. 

Iodine 40 Gm. 

Alcohol 400 Co. 

Stronger water of ammonia W C.c. 

Powder the iodine by tritoration. Dissolve it in the alcohol Add 
the ammonia water carefully wiUiont shaking or stirring the mixtnre. 

Let the mixtnre stand exposed to sunlight until decolorized, whioh 
will require from a few days to several weeks. 

Notes. — As exploslTe nitrogen Iodide is iiable to be produced when tlie 
ammonia la added to the iodine eolution, any dark-colored sedimeat formed In 
the liquid BhotUd warn the operator to leave the mixture at perfect rest until 
the predpttate has disappeared, which it will finally do. If a few drops of 
phenol be added to the mixture it I>ecomes decolorized at once. 

The preparation contains not lodlae, but ammonium Iodide and ethyl iodide. 



IODIZED 8TABCH. 

AUrSXtrM lODATTTM. 

Iodine 1 Gm. 

Starch 19 Gm. 

Distilled water, sufficient. 

Triturate the iodine with a little distilled water; add the starch 
gradually and continue the trituration until the compound assumes a 
uniform blue color, approaching black. Dry at a temperature not 
exceeding 40° C (104° F.) and then powder it 



Notea.~A partial chemical union tahes place. 
Iodised starch should be kept in glass stoppered bottles. 



IODIZED STABGH PASTE. 

OLTCBBTCDM AKTU lODATDH. 

Starch 10 Gm. 

Glycerin 20 C.c. 

Water 60 Cc 

Compound solution of iodine 10 C.c. 

Boil the starch, glycerin and water together, stirring constantly, 
onttl a homogeneous semi transparent pa.'ite is formed; then remove it . 
from the source of heat, and, when nearly cold, mix it with the iodine 
solution. 
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aLYOEBITE OT XODHTB. 

aiiTozBrnm iodz. 

Iodine 4 Cbn. 

Glycerin 96 Co. 

Tritnrate the iodine vith a portion of the glyoerin until reduced to 
ft smooth paste; then gradoally add the remainder of the glycerin and 
heat the mixtore carefully by water-bath ontil solntion ia effected. 

Notes.— Borne cbemicU reaction occtiis,so th»t the product Is not wholly 
« simple solnUon. 

CABSOUZED IODINE BOLUTION. 
laCtUOB lOSI PHXKOZ.ATCB. 

Tinctore of iodine 1 Om. 

Phenol 12 Centigrams. 

Glycerin 8 Gm. 

Water 45 C.c 

Mix. 
A colorless liquid is obtained. 



IODIZED on.. 

oxdiinc loDATmc 



Triturate the iodine with a small portion of the oil until reduced to 
B smooUi paste, and then dissolve by the aid of heat 



FLtrOBtJM. 

r. 19. Sp- gr. 

Flaorineoconrs chiefly in calcium fluoride {fluorspar) and in sodium 

alamiDiam fluoride (kryolite). 

It is notknowninthe free state. From fluor-spar hydrofluoric acid 

can be liberated for etching glass, which is illustrated in this way; 
Exp. 28. Make a paste by stirring powdered fluor-spar with 

etiong sulphuric acid ia a lead dish. Cover a piece of glass with a 
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thin layer of melted beeswax and scratch through this a design to be 
etched. Support the glass over the dish, but not in immediate con- 
tact with it Apply a gentle heat to the diah, but uot strong enough to 
melt the wax above. After ten or fifteen minutes remove the plate, 
and melt oS the wax. The exposed part has been corroded by the lib- 
erated hydrofluoric acid: 

CaFs+HjSO,^ 2HF+CaS0,. 
4HF+SiO,=SiF,4-2H,0. 
Glass contains silica, SiO„ which is attacked, forming volatile sili- 
con fluoride and water, as shown by the equation. 



CHAPTER III. 



NITBOQENIUIL 
N. 14. ' Sp. gr. (n->) 14. 

Nitrogen is found free in the atmosphere, of which it makes up 
77.01 per cent Combined, it occurs in animal and vegetable tissue and 
in several minerals. It can be obtained from the air by taking away 
the oxygen by appropriate means. 
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Exp* 29. EncloBe a piect^ of phosphorus, abont the size of a 
small pea, in a cage of wire gaoze. Place this in a capsule, -which fioats 
on the water in a large dish, as shown in Fig. H. Ignite the phosphoroa 
and depress oyer it a bell- jar or wide mouthed bottle fio that the air is com- 
pletely enclosed. The oxygen combines with the phosphorus, and water 
a.sceads to fill its placa By closing tho mouth of the bottle or jar with 
a glass plate it can be inverted without losing the gas. A lighted 
splinter plunged in this will be extinguished. 

Pure nitrogen can be obtained oy heating a strong solation of 
ammonium nitrite, >iH,NO;, which decomposes in this way; 
NH,N0,=2H,0+Nr 

For this salt a mixture of NH^Cl and ENO^ can be substitated. 
Another practical method is illustrated by this equation: 
K,CriO,+2NH,Cl =N,+2KC1 +Cr,0,+4H,0. 

Bxp. 30. Mix about six Gm. of powdered potassium bichro- 
mate with half itu weight of ammonium chloride. Charge a tnbe, 
such as is used for generation of oxygen and shown. in Fig. 1, with this 
mixture, and apply heat. The nitrogen can be collected in bottles over 
water and tested, so as to show its negative properties. It is not oom- 
hnstible, nor will it support combustion. 



NITBOQEK AKD OXTGSIT. 

Nitrogen combines with oxygen to form five compounds, which are 
named a.s follows: 



Nitrogen monoxide 


N,0 


gas. 


Nitrogen dioxide 


NA 


gas. 


Nitrogen trioxide 


NA 


volatile liquid 


Nitrogen tetroxide 


N,0. 


volatile liquid 


Nitrogen pentoxide 


NA 


solid. 



The ]>reparation of the first and second of these will he shown by 
experiment. 

Exp. 31. Dry a small flask, holding about 150 Cc and place in 
it 10 or 15 Gm. of dry ammonium nitrate, NH,NOj. By a delivery 
tube connect this flask with a receiving boUle standing over water, as 
shown in Fig. 0. Apply heat, and notice that the flask becomes fiUed 
with vapor and white fumes, while bubbles of gas ascend through the 
water. When the air has been expelled collect several bottles of the 
gas and test it. 

It is the so-called lavghing-gcu, and has a pleasant smell and taste. 
The reaction by which it is liberated is: 

NH,NO ,^ 2^0-f NA 
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}. 82. Te«t bottles of the gas by banuDg in them phosphorus, 
and sulphur as described under ozygeci. It is an active sap- 
t combustion, 



Via. 9. 

nitrogen dioxide, K,Oj, can be made by the action of strong 
id on several metals. Copier is usually employed, when the 
is as follows; 

aCu,-i 10HNO,-2NA+'iCu(NOj),4 XHjO. 
>. 33. Arrange a bottle as for generating hydrogpu by action 
e sulphuric acid on zinc, and charge it with aboat 20 Om. 
i>r turnings and 25 Co. of water. Pour in now through the 
Libe 2r> to 50 O.c of strong nitric acid. At Urst red fnmes fill the 
'heu these have been driven out connect with a receiving bottle 
iter, and collect as directed for hydrogen. This experiment 
le tried where there is a good circulation of air, as the gas, or 
le product which it forms with oxygen, is very irritating. 

NA +0,-1*20,. 
N,Oj is colorless, bnt the NjO, is red. When most of the heavy 
ire treated with strong nitric acid, the reaction given above 
Kse; but in the air the liberated N,0, combines immediately to 
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Nitrogen trioxide is a blue volatile liquid, and maj^ be prepared, 
mixed with other oxides, hy the action of a strong ultrio acid on starch. 

Nitrogen tetroxide can be readily made by strongly heating dry 
lead Ditrate: 

2Pb(N0^j= 2PbO+0,+ 2N A- 

The oxide may be condensed by a freezing mixtore to a greenish 
yellow liquid. 

Nitrc^en pentoxide may be prepared by action of phosphoric oxide 
on anhydrous nitric acid: 

2HN0,+PA^NA+"-iHP0, 



NITHOGEN AND HYDHOGEN. 

These elements may be directly combined by the agency of electric- 
ity, forming ammonia, NH^ The same compound is readily obtained 
by boiling its strong solution in water, the ordinary ammonia water or 
iqua ammonite. 
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E^P. 34. Arrange tlie apparatus as showa in the adjoining figure. 
The flask holding about 250 C.c oootains 50 C.c. of strong atnmouia 
water; the cylinder is filled with lumps of freshly burned lime. By 
applying heat the amntcnia gas is driven out, carrying with it a little 
water vapor. The latter is absorbed on coming in contact with the 
lime, and dry NH, e.scapes from the upright tube. This being lighter 
than air can be collected by upward displacement. (See Fig. 10.) 

£xp. 35. Fill a large test-tube with the ga.s, close it with the 
thumb, and dip the lower end in water. Now remove the thumb, when 
the water will rush up and nearly, or quite, fill the tube. Thia is due 
to the rapid absorption of the gas, one volume of water being capable 
of absorbing at 0° C about 1,000 volumes of the gas. 

The preparation of ammonia water from the raw material is illus- 
trated by the next experiment. 




Exp. 36. Mix equal weights of ammonium chloride and good 
slaked lime, about 20 Om. of each, and heat . in a fla^k of about 250 
O.c capacity, connected by a delivery tube with two Woulfe bottles, aa 
described for the generation and absorption of hydrochloric acid. The 
gas and water vapor are liberated according to the following equation, 
and pass over to be absorbed by the water in the bottlea (See Fig. 11): 

2NH,Cl+Ca(OH),^2NH,+2Il,0+CaCL 

The presence of ammonia in the water is shown by the smell, and 
reaction with red litmus paper, which is turned blue. 
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On a large scale this reaction is carried out by beating the mixture 
in iron or stone-ware retorts. 

NITBOaEN, HYDBOGEN AND OXTQEN. 

These three elemeDta combine to form several acids, only one of 
which is of practical importance. This is nitric acid, HNO„ and is 
made by the action of strong sulphuric acid on potassitun nitrate: 

KNO,+H,SO. = HNO, + KHSO,. 

Exp. 37. The reaction can be illustrated on a small ecale by 
beating 50 Gm. of powdered jMttassium nitrate and a sontewbat greater 
weight of strong sulphuric acid in a retort of 200 or 300 C.e. capacity, 
such as shown in Fig. 12. The liberated HNO, passes over and is con- 
densed in the receiver, whinh must be kept cold by pouring on water. 



£zp . 38 and 39. Test a little of the acid with blue litmus paper, 
which is thereby turned red. Now add to a somewhat larger jwrtion 
solntion of {xitassiuin or sodium hydrate until it do longer turns blue 
litmu-s paper red, and evaporate the mixture so obtained to dryness in 
a porcelain di.'ih. The result is [totassium or sodium nitrate, according 
to the reaction, 

HNO.+KOHi- KNO3+HA 

D,g,tze:Jb.GOOgle 
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In most cases, by tlie action of nitrio acid on an alkaline hydrate or 
on a metal, a nitrate Is produced. In a few instaDOea, however, this is 
not true, as shown by the following experiment: 

Exp. 40. To the remainder of the acid made above add about 
half a GiD. of powdered antimony and boil in a porcelain dish. The 
metal does not dissolve, but is cxinverted into a white iusolable powder, 
coosistang of antimoaic oxide Sb,Oj. With metallic tin a sinular I'e- 
action would take place. 

AQUA BSGIA. 

By mixing one Tolnme of strong nitric acid with about three vol- 
umee of strong hydrochloric, a liquid known as aqua regia is obtained. 
This is capable of dissolving a nnmber of metallic subetancee and 
oxides which either one of the acids alone will not act upon. The two 
react on each other, liberating chlorine and nitrosyl chloride as shown 
in this equation: 

HN0,+3HC1 = Clj+NOa+2H,0. 

Further detaiU will be found later. 



NITBOaEN AND IODINE. 

Chlorine, bromine and iodine combine with nitrogen forming very 
explosive compounds. The compound of nitrogen and iodine can l>e 
made in small amount, without danger, as follows: 

Exp. 41. Powder a few crystals of iodine in a porcelain dish and 
pour over it a little strong ammonia water. In twenty minutes ponr 
this off and by means of water wash the dark powder into several small 
filters and there wash with more water. Then hang the papers up to 
dry. On touching the powders now with a glass rod, or piece of 
paper even, they explode with a sharp report 



SULPHUR. 

8ULPHUB. 

S. 32. Sp. gr. 1.1)6—2.05. 

Sulphur occurs in the free state in volcanic regions, and widely dis- 
tributed in the form of sulphides and sulphates of metals. 

The sulphur of commerce is obtained from the native snlphur by 
melting to free it from accompanying earthy matters, or from ferric sul- 
phide, FeSj, commonly called iron pyritex, by distillation. 

It exists in several modifications, having different crystalline struc- 
tures and different specific gravities. The melting point is 115° C. 
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Exp. 42. Melt some sulphur in a wide test-tabe, and observe 
that it forma a light yellow liqiiid. On further heating it becomes 
thicker and darker, alinoet blai^ bnt at a still higher temperature 
becomes thinner again. 

It boils at a temperature of 448° C. If heated to this point the dork 
liquid is oonverted into an amber-oolored vapor. By pouring now the 
oontentfl of the tube into water a plastic brown mass is obtained, which 
in several physical properties resembles rubber. It is quite elastic, and 
can be drawn out into fine threads. 

On standing, however, it returns to the hard, brittle form. 

Ordinary sulphur appears in commerce as "roll" sulphur ("brim- 
stone ''), or as " sublimed " sulphur. 



SUBLIMED BTTL PH U B . 

BXTLFBJJR BtlBXJlCATVJI. 
This is a fine lemon yellow powder having a peculiar, faint odor and 
teste, and a slightly acid reaction from the presence of sulphuric acid, 
with which it is more or less contaminated. It may contain a little 
araenic. It is insoluble in water and alcohol. 



WASHED SULPHUB. 

aULPHtTH LOTUM. 

Sublimed snlphnr 1,200 Gm. 

Ammonia water llW C.c 

Water, sufficient 
Add the snlphnr to 1,200 C.c. of water previously mixed with the 
ammonia water, and digest for three days, agitating occasionally. Then 
add 1,200 C.c of water, transfer the mixture to a. muslin strainer, and 
wash the sulphur with water until the washings ceB.se to produce a 
precipitate in test solution of barium chloride. Then drain, press 
strongly, dry it at not over 40° C. (104° F.), and powder by running it 
through a No. 80 sieve. 

Kotea. — The object of thto process is to neutralize and wash away the sul- 
phuric acid whicli Is alwaya present with sublimed sulphur, and tha digestion 
tor three days is intended to remove also any arsenic present. To eSect the 
«xtntcUon of the arsenic, continued digestionls required, and three days Is not too 
long, as the ammonia is veiy diluted. Care should be taken, however. Dot to use 
bi^ier beat than 40° C. (104° F.\ because above that temperature a good deal of 
ammonium sulphydrate may be formed, and at the bollfog point the sulphur 
irfll dissolve aa long as sufficient ammonia remains to act upon it. Boiling water 
b, therefive, not to be used. It la under all circnmstances necessary to wash out 
all the ammonia and ammonium salt from the sulphur before drying It 
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It is important to diy the washed sulphur thoroughly before putting it in its 
receptacle, for the presence of odj moisture would result In the formation of 
sulphuric acid again, rendering a repetition of the wHahing necessary. 

Deaoription. — It ia & light yellow powder, somewiiat paler than sublimed 
sulphur, without odor and nearly tasteless. It is insoluble in water and alcohol, 
and should leave no residue on volatilization. 

Tests. — Digest a few Qm. with pure water and test with blue litmus 
paper. It should not redden, showing absence of free acids. Digest 30 Om. 
with pure ammonia water and filter. The filtrate should show absence of arsenic 
compounds bj tests described later. 



FBECIPITATED 8TLPHUB. 

BDIiFHUB F&SCIFITATnil. 

Snblimed Bulphur 2 parta 

Lime 1 part. 

Hydrochloric acid, water, each sufficient. 

Slake the lime and make it into a nniform mixture with 10 parte of 
water. Add the stdphnr, previously well dried and sifted, mix well, 
add 25 parts of water, and heat the mixture to boiling for one hour, 
stirring constantly, and replacing the water lost by eraporstion. Then 
cover tlie vessel, allow the contents (o cool, ponr off the clear solution, 
filter the remainder, and unite the liquids. Add gradually hydrochloric 
acid previously diluted with an equal volume of wat«r, until the liquid 
is nearly neutralized, being careftd to leave it still distinctly alkaline in 
reaction. Collect the precipitate on a strainer, and wash it witli 
water imtil the washings are tasteless. Then dry it at a gentle heat. 

Beaotloiis.— The lime Is first slaked, CaO-|-H,0=Ca(OH)2. Then, when 
sulphur is boiled with the calcium hydrate, the following reaction occurs: 
SCa(OH)j+83,-3CaS,+CaSjO,+SHjO. The solution, containing calcium sul- 
phide and calcium thlosulphate. Is next treated with hydrochloric acid, when 
sulphur is precipitated: 2CaS(-HHC]=3CaCl,+4S,+3H5S. 

Hotea.— The quantity of lime used is purposely somewhat In excess of the 
amount required by theory, to make up for carlx>nate cout^ned In it. A larger 
excess would, however, result in loss because the lower sulphides of calcium then 
formed would yield larger quantities of B,S when the hydrochloric acid Is added. 

If the first portion of hydrochloric acid la added very slowly no hydrogen 
sulphide is formed, because the reaction then is: 3Ca8,'f2HCl=CaCl3<fCa(SH), 
■j-iS^ When more acid is added, however, the reaction just described Is fol- 
lowed by: Cn(8H),+2Ha=CaClg+2H^. 

The directions of the Pharmacop<eiaof the United Statesare to only "nearly" 
neutralize the solution, and to be caiefnl to leave It sllghUy aiJealine. The object 
of this precaution la to prevent the precipitation of any ai»enic present The 
calcium thioenlphate la not decomposed unless enough hydrochloric acid be 
added to Impart an acid reaction to the liquid. Ilence the sulphur which enters 
into the structure of the calcium thiosulphate la lost But if enough hydrochloric 



.l^.OO^^IC 



THE ELEMENTS. 29 

add be added to dacompoee the thiosulpLate(2CaS,+C8S,0,-|-eHCl=8CaCl,-f 
0S,+3H,O), the arsenic will also be precipitated, as follows: Ca^ AsS,),-f eHCl=: 
AEi9,+8H,8+8CftCI,. 

When the liquid b alkaline, however, all of thearsenic remains In solution. 

Care shoold be taken to arrange so that the hydrogen sulphide gas is led off 
through a Sue, or the operation should be carried out in the open air. The gas is 
erolved in large enongh quantities to be very annoying to the operator. 

The acid must be added to the solution of calcium sulphide and not viae 
lerta; moreover, the acid must be diluted as directed; otherwise an oily product 
(H^?) is formed which afterwards is difficult to eliminate and which but slowly 
decomposes, giving off H,8. 

So-called " milk of sulphur" Ispredpitatedsulphurmadebyaprocesssimilar 
to the one above described, with the exceptions that sulphuric acid is used 
instead of hydrodilorlc acid, and that the acid is added in excess in order to 
decompose the odcium thiosolptiate as well as the sulphide, thus throwing down 
all the sulphur. But this also precipitates a large quantity of calcium sulphate, 
which thus constitutes a considerable proportion of the "lac sulphurls," render- 
ing it nnflt for use. 

Desoriptioii. — This is a fine yellowish white powder resembling in chemj- 
cal properties the other forms described. 

It is to be preferred to both the washed and sublimed sulphur for moat pur- 
poees In pharmacy, especlallj In mixtures, ointments, powders and confections, 
because of its extxemely fine state of divistoD. 

Teats.— The absence of free acid or arsenic compounds should be deter- 
mined as under the last head. It shctild be completely volatile. This would 
show the absence of calcium sulphate. This can be further shown by boiling & 
few Gm. with dilate hydrochloric acid, filtering and dividing the filtrate into 
two parts. One part tested with barium chloride solution should give no pre- 
cipitate of sulphate, and the other part treated with ammonia water and anuno- 
nltun oxalate should give no precipitate of calcium oxalate. 

STJLFHUBATED OIL. 

OI.BUM 8ni.FHUBATUH. 

Snblimed f;nlpliiir 1 part 

Flaxseed oU 9 parts. 

Boil togetiier in a capacious yessel, stirring constantly, ontil solution 
is effected. 

N 
bollo 



8ULPHUE AND OXYGEN. 

Sulphur forms two compounds with oxygen: sulphurons anhydride. 
SOj, and snljrfiurio anhydride, SO,. 

The first is readily prepared by burning sulphur in the air, and \» 
used in large quantities in the manufacture of sulphuric acid, in bleach- 
ing, and in fomigation. 



30 THE ELEMENTS. 

Exp. 43. Place a piece of aolphiu; as large as a pea in a defla- 
grating spoon, heat it in a lamp flame until it ignites, and then jdnnge 
it in a bottle of 300 or 400 C.c capacity. The snlphar burns at t£e 
ekpense of Hie oxjrgen of the air in the bottle, leaving SOg. 

Fill several bottles in this v&j, cover them vrith glass plates, and 
test as belovr. 

Exp. 44. Moisten a piece of ^alico in water and sospend it in 
one of the bottles; after a time it becomes bleached. Sulphur bleach- 
ing differs from chlorine bleaching in this respect, that with the latter 
there is a destruction of the colored compound, while with the former 
there is a nnion with the colored compound, producing a colorless one. 
The addition of a stronger acid, by liberating the SO^ usually restoree 
the color. 

Exp. 45. Add Bome water to a Reoond bottle and ehaka Then 
add solution of potaesiom permanganate, and note the disappearance of 
ito color. 

To another bottle add considerable water, shake well, and then add 
tincture of iodine or solution of iodine in potassium iodide. The color 
disappears here, aa before. In both oases the 80, acts as a strong 
reducing agent, converting the colored bodies into others without color. 

These reactions will be taken up again. The solution of the gas in 
water forma sulj^urous acid, H^jSO,: 

S0,-i-H,0=H,S03. 

The union is not permanent, as application of heat easily separatee ' 
the water and gas. 



ST7LPHUB AND HYDBOGEIT. 

Two compounds are known here: hydrogen mono-snlphide (ordi- 
nary hydrogen sulphide or sulphuretted hydrogen) H,S, and hydrogen 
disulphide, HjSj. The first ia easily prepared. 

Exp. 46. Arrange a bottle as for making hydrogen. Place in it 
20 Gm. of feirooa sulphide, FeS, in small lumps; cover this with water 
and add through the funnel tube a few C.c. of strong HCl. Gas bubbles 
escape from the liquid, and, mixed with air, pass out through the deliv- 
ery tube. Pass the lirst portions of the gas into water, and notjce that 
this speedily acqnires its peculiar odor. 

Exp. 47. Prepare dilute solutions of copper sulphate, zinc sul- 
phate and potassium-antimony tartrate in water. Add to the second 
and third a few drops of acetic acid, and allow the gas to bubble through 
each one in turn. 

From the copper solution a black precipitate is thrown down, from 
the zinc solution a white, and from the antimony solution an orange 
yellow one. These precipitates are aulphidea of copper, zinc and anti- 
mony, and illustrate the most important property of i3i& gas. When 
discussing the tests of Qualitative Analysis this will be fully explained. 
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CHAPTER IV. 



PHOSFHORUa 

F&OSFHOBUS. 

T. 31. Sp. gr. 1.83. 

Fhoephoros oconrs diiefly as calcium phosphate, a constituent of 
bones, and also a mineral, apatite. The free substance ia mode from 
bona-asb or the native phosphate by converting it first into aoid caloium 
phosphate, then into caloinm metaphosphate, which is heated ia retorte 
vifh charooal. The phosphoms distills and is condensed nnder water. 
The final reaction is: 

3Ca(P0,), +5C, = P.+ aa,(PO.),+10CO. 

If eand is added with the charcoal the reaction ia this: 
2Ca(PO,),+5C,+2SiO, = P.+2CaSiO,+10CO. 

It is a clear, light yellow wasy substance, insoluble in water, but 
soluble in carbon bisulphide, ether and oils. It melts at 44°. 3C. It 
must be kept under water, as in the air it combines so readily with 
oxygen as to inflame spontaneously. 

Large quantities of it most be kept under water in sealed tin cans. 

Common phosphorus is never quite pure. It can be best tested by 
oxidizing it to phosphoric acid by means of nitric acid (equal parts of 
strong acid and water), diluting the solution so obtained with water, and 
applying teste for sulphates (from sulphur) and arsenates (from arsenic) 
io be given later. Not more than a txace of either shoiUd be shown. 

AMORPHOUS FH08FH0BUS. 

By heating ordinary phosphorus in a vacuum or in an atmosphere 
of carbon dioxide to a temperature of 240° C, it is converted into a 
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modificatioQ known as red phoephorus. Tins is different tram the 
cmunon phosphorofi in most properties. It is insoluble in the llqaids 
which dissolve the other, is not poisoootis, and is not oxidized at ordinary 
temperatures. Above 260° C. it reverts to the common form. 

£xp. 48. Heat a httle red phosphoms in a narrow glass tube 
sealed at the lower end. A light yellow deposit forms in the upper 
part of the tube. This is common phosphorus, as can be shown by 
breaking off the closed end of the tube and heating gently. 

SOLUTION OF PHOBPaOBUS. 

Phosphorus being slightly soluble in alcohol, a solution called 
"tincture of phosphorus" baa been prepared by dissolving it in 500 
parts of hot alcohol and diluting to 1,000 parts. Such a solution is 
of limited use, as it precipitates on addition of water. 

QBANUIATBD FH08FH0BUB. 

Phosphoms 5 Gm. 

Sodium chloride 25 Gm. 

Distilled water 100 C.c. 

Dissolve the sodium chloride in the vrater contained In a bottle of 
the capacity of 200 C.c. ; add the phosphorus in small shavings. 
Warm in a water-bath until the phosphorus melts. Then shake it until 
cold. Pour off the salt solution, and wash the phosphorus with distilled 
water several times. 

Preserve it in a bottle under water. Used for making pills. 

PHOSPHOBATED OIL. 
OLBtllC PHOSPBOBA-TUU. 

Phosphorus 1 Gm. 

Stronger ether 12 C.c. 

Expressed almond oil, sufficient. 
Introduce about 100 C.c. of almond oil into a flask, and heat it for 
fifteen minutes ou sand-bath at 2sO° C. (182° F.). Allow it to cool, and 
then filter. Put 90 C.c of the filtered oil together with the phosphoruR. 
previously well dried by gently touching it with blotting paper, 
into a dry and tared four-ounce bottle; insert the stopper and heat thi^ 
bottle in a water-bath until the phosphoms melts ; shake until dis- 
solved ; let cool and then add the stronger ether. Now take the 
weight of the contents of the bottle and add enough of the prepared 
oil of almond to make the weight of the final product 100 Gm. 

Hot«B.— EeeplDg the o[I of almond at the blgh temperature prescribed for 
fifteen minutes expels moisture and air from it, and also causes the sepuation of 
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■ome organic matters which deposit in the form of a Bocculent sediineiit oq 
cooling and are then filtered ont. The oil thus prepared is neaily colorless. 

The phosphorus ased Bbonld be a clean, trsusiucent nectioD. 

Ether must not he used la place of stroDger ether, aa the preparation 
irould then be unclear. 

The product anoDia t>e kept In one^nuce, amber colored, glass stoppered 
iHittlet, and in a cool place. At a too low temperature the phosphorus cryetailizea 
oat ; this should be carefully guarded sgsinst, md when it occurs it should not 
escape observation. The separated phoBphorus maj be resdilj redlssolTod by 
gently warming and ehaklng. 



FHOaPHOStTB ABD OXYGEH. 

.FbosphoroB forms two oxides: Uie tarioxide, P,0„ and the pentoxide, 
P,Oy The preparation of the second has beea illustrated already. 
It i9 a light wtkite powder, which can be made and examined as follows: 

Exp. 49. I>i7 a piece of phosphoros as large as a small pea, 
by means of blotting paper, place it ia a small porcelain crucible rest- 
ing on an iron plate; apply heat to ignit© it, and then place a dry, clean 
bottle, mouth down, over the crucible. The phosphorus bums at the 
expense of the oxygen in the bottle, which becomes filled with white 
fames of PjO,. 

If, when the action has ceased, a little water is poured in the bottle, 
it unites with the oxide so quickly as to produce a hissing noise : 
P,0,+H,0==2HP0,. 

This F,Oj is useful in drying gases, because of its very strong 
affinity for moisture. 

With cold water it produces metaphosphoric acid, as just shown. 

When the solution is boiled more water is taken up, giving ortho- 
phosphoric acid; 

HP0,4 H,0=2^P0,. 



PHOSPHORUS AND HTDBOaEN. 

Phosphorus forms several compounds with hydrogen. The prepa- 
ration of one of these is illustrated in the following experiment: 

Exp. 60. Arrange the apparatus 'as shown in Fig. 18. In the 
flask of 200 C.c. capacity pour about 150 C.c. of solatiou of potassium or 
sodium hydrate. Then drop in a piece of phosphorus, the size of a 
small pes, and add a few drops of ether. Close the flaek with the cork 
and dehvery tube and apply heat. The ether drives out the air from 
the top of the flask. The phosphorus acts on the alkali, liberating 
geeooas hydrogen phosphide, PH,, which escapes from the delivery 
tube, the end of which is just beneath the surface of the water in the 
dish represented. 
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As soon as the gas comes io contact with the. air it bnms sponta- 
neously, fonning phosphorus pentoside, which ascends in rings of 
'white fum^s. The reaction in the flask is this: 

3KOH+3H,0+P, = PH,+3KHPO.. 



If the gas is passed through a freezing mixture before reaching the 
air it c«ases to be spontaneously inflammable, an thin operation takes 
out a liquid hydrogen phosphide, the cause of the inflammability. 
The pure PHj has a peculiar and disagreeable odor. It is poisonous. 

BORON. 

BOBON. 
B. 11. Sp. gr. 2.((8. 

Boron occurs in boric acid and borax (sodium biborate); also in a 
few less important componnds. The free element can be obtained in 
two forms, amorphous and crystalline, by several processes. It has no 
practical value, 

SILICON. 

SILICON. 
SL 28. Sp. gr. 2.49. 

Silicon always occurs with oxygen, and after the latter, is the most 
abunilnnt element of the earth's crust. The common mineral qriartz in 
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oxide of silicon, SiO,, This combines with metallic oxides, forming 
silicates, as felspar, mica, the days, etc. 

The element can be obtained by laboratory processes, but has no 
commercial use. 



CARBON. 

CABBONEUU. 

C. 12. Sp. gr. (diamond) 3.01-3.25. 

Carbon occurs free in several forms; as the diamond, as graphite, 

as coal, and in artificial products such as lamp-black, soot, charcoal, 

coke, and gas carbon. In combination carbon is abundant. It is found 



in the air as carbon dioxide, and in the earth's crust in varions car- 
bonates. Calcium carbonate or lime-stone is the most important of 
these. Charcoal is obtained from wood, and coke from coal by a process 
of destmctive distillation illustrated in the following experiments: 

Exp. 51. Charge a small retort, consisting of a piece of iron gas- 
pipe 20 Cm. long and 15 Mm. in internal diameter, and dosed air- 
tight at one end by an iron plug, with shavings or fine splinters, and 
attach it to a delivery tube and receiver as shown in Fig. 14. 
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Heat BtruDgly with a BimaeD. bnrner. The wood is decomposed and 
a mixture of water, acid liquids aad gas passes over. The gas col- 
lects in the bottle while the other subst^ces condense. 

When the evolution of the gas has ceased, withdraw the delivery 
tube and then remove the lamp. After the iron tube has oooled shake 
out the contents, or remove them with a bit of wire, and test by 
burning. 

Close the mouth of the bottle with a glass plate, invert it and opea 
to the air and apply a match. The gas bums with, a bright flama 

XiXp. 25. Repeat the last experiment, using Roft coal, in small 
lumpe, instead of wood. Coke remains in the tube^ while a gas, similar 
to ordinary ilhuninating gas, collects iu the bottle, and can be tested as 
before. 

Several varieties of charcoal can be brie£y mentioned here. By 



CHARCOAL, 

OARBO Liami, 

is meant the ordinary wood product, prepared best from willow or 
poplar, as these give the light«st and most porous kinds. Other woods 
.are also used. 

AlflMAL CHABCOAL. 

CABBO ANIHAXIB. 

usually made from bones. 

Dull, black, granular fragments, or powder, odorless, nearly taste- 
less, insoluble in water and alcohol. When ignited it leaves a white 
residue consisting of bone-aah, a mixture of calcium phosjihate and 
carbonate chiefly. This should make up at least 80 per cent of the 
original weight, and be completely soluble in hydrochloric acid. The 
bone charcoal has a remarkable power of absorbing many organic sub' 
stances, as shown in this experiment. 

Exp. 53. Fack a filter loosely with the animal charcoal, and pour 
on a solution of logwood, cochineal or litmus. A clear or nearly clear 
liquid will run through. It may be necessary to pour a second or third 
time to remove all the color. 

Animal charcoal is frequently employed in decolorizing solutions of 
alkaloids or other organic substances; but there is usually a loss here, 
as it likewise holds some of the latter. 

On a large scale it is used in sugar-houses for clarifying syrups and 
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FDBIFIBD ANIMAL CHABCOAL. 

CASBO AltIHAI.IB FUBmCATDS. 

Animal <^iiroQBl, in fine powder 500 Gm. 

Hydrochloric acid 620 C.c 

Water, sufficient. 

Mix the acid with 1,250 Co. of water, poor the mixtore orer tlie 
animal charcoal, and digest in water-bath for twenty-four hoars, stir- 
ring occasionally. Decant the liquid and digest the residue with 1 ,500 
C.c. of water for two honrs. Transfer the mixture to a strainer, let It 
drain, and then wash the residue with water until the washings cease to 
precipitate or color silver nitrate solntion. Dry the prodnct, heat it to 
low redness in a covered crucible, and when cool transfer to bottles and 
keep tightly stoppered. 

Desoription-^It Is a dull black powiler whJch gives aotbiDg towateror 
alcohol ; on ignition whh oiygen it should leave only s trace of residue. . 

The aolnUOQ obtained by beating with dilute hydrochloric acid, and fllteriag, 
ahoDid give no teat for phosphates. 

CARBON AND OXYQEN. 

Carbon forms two compounds with oxygen, the monoxide, CO, and 
the dioxide, COj. Both are gases. 

Exp. 54. Powder 10 or ISGm. of potassiom ferrocy8Dide,K,Fe(CN),, 
place it in a flask of 300 C.c. capacity having a fmmel tube and 
delivery tube. Add ten times its weight of strong snlphnrio acid and 
heat gently on a sand-bath. The delivery tube should pass under water. 
Carbon monoxide Li given oIT when a sufficiently high temperature is 
reached, and may be collected in bottles as with hydrogen. Care must 
be taken to avoid applying too mach heat, as the reaction would become 
very violent, and it should be remembered that the gas must not be 
inhaled, as it is very poisonous. 

The contents of the bottle can be tested by applying a match. The 
gas bums with a blue flame, CO^ being formed. 

By removing the delivery tube from the water and replacing it with 
one drawn to a point, the gas may be burned directly. 

The reaction which takes place la represented by this equation: 
K,Fe{CN),-t-OH,SO,+OH,0 = 0CO+FeSO,-f 2K^O,-|-3(NH;i,SO,. 

The 6 molecules of water come from the crystallized f errocyanide 
itsdf, and from the commercial acid employed. 

Carbon monoxide is but slightly soluble in water, and can be liquefied 
only by great pressure at a very low temperature. 

It differs in neariy every respect from the other oxide of oarlmn, COg. 
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Kxp. 55. Arrange a flask as for generatmg hydrogen, andchai^ 
it with small pieces of marble. Add dilute hydrochloric acid by means 
ot the funnel tuba 

Carbon dioxide ia liberated by the action of this on the marble. 
CaCOj, and may be collected in bottles over water, or by downward 
displacement, as it is heavierthan air. Fill sev^al bottles. See Fig. 15. 

Exp. 56. Teat the contents of a bottle by applying a lighted 
match When this is immersed in the gas it i.s extingnisbed. 

A little lime water poured in the bottle produces a white precipitate. 



Exp. 57. Extingoish the flame of a match or small candle by 
pouring the gas on it. 

Exp. 58. Bend a glass tube in the form of a siphon. Place the 
shorter limb in a bottle of the gas, start its flow by aspirating a second 
or two on the longer limb, and prove that the CO, passes through by 
any of the above testa. 

Exp. 69. Foiu a few G.c. of lime water in a clean bottle, and 
from a generator pass in a few bubbles ot CO,. These at first produce 
a precipitate ; but this disappears after more ot the gas has been passed. 

This is explained by the fact that the precipitate of calciima car- 
bonate ia Hohible in water containing carbonic acid. 

The reactions occurring in the above experimente are these: 
CaC03+2HCl^CaCl,+CO,-|-HA 
Ca(OH),+CO, - CaCO, +H,0. 

Carbon dioxide is used in large quantities in so-called soda vxiter, 
and other effervescing drinks. It can be made on the large scale by 
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the above reaction, bat must be washed thoroughly by passing tbrongh 
water before it can be used for charging cylinders. 

Many of the small fire estinguit^ers contain water highly charged 
with carbon dioxide, or chemicals which can be brought together by a 
simple mechanical device bo as to liberate this gas, which, as shown 
above, readily smothers a fire when present in sufficient quantity. 

CABBOH AND UTDBOQEIH. 

Although hundreds of compounds are known containing only these 
elemeots — the ft yrfro-carfcons of organic chemistry — but a few will be 
here mentioned for illustration. 

One of the simplest of these is methane, CH^, commonly called 
marsh gas. 

Exp. 60. l-'se the apparatus described in experiment ol. Charge 
it, to about half its capacity, with a dry mixture of one part of sodium 
acetate and four parts of soda-lime, which should be prepared before- 
hand and kept for the purpose, and heat gently until gas is evolved. 
This is collected in bottles and tested by burning. A blue flame results. 

The sodium acetate decomposes in the above experiment in this way : 
NaC^Oj+NaOH = Na,CO,+CH,. 

The calcium oxide present in the soda-lime keeps the mass from 
becoming hard in the tube. On burning, the gas CO, and H,0 are 
formed: 

CH,+20, = C0,+2H,0. 

Methane is an important constituent of illuminating gas. 

Another hydro-carbon, likewise present in illuminating gas and in 
the gases escaping from oil wells, is ethylene, C„H,. This is best made 
as follows: 

Exp. 61. ~ Twenty-five Om. of alcohol and one hundred and 
fifty Gm. of sulphuric acid are mixed, and heated in a large flask 
furnished with a funnel tube and connected with two waab-bottles, as 
in the experiment for making hydrochloric acid. The iirst wash-bottle 
contains sulphuric acid, the second caustic soda solution. (See Fig. 7.) 

The heat must be gentle at first, and the evolution of the gas should 
not be allowed to become violent. After it has commenced, a mixture 
of equal volumes of alcohol and sulphuric acid can be added through the 
funnel tube. The ethylene, being but shghtly soluble, passes through 
the two wash-bottles, and can be collected over water in the usual way. 
Test the gas by burning; a large luminous flame is produced 

A few per cent, of this and related gases impart the illuminating 
power to ordinary coal gas. Petroleum and other mineral oils consist 
almost entirely of hydro-carbons. 
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CARBON, OXYGEN AND HTDBOGEH. 

Many bodies containing these three elenkeats are known, as the acids, 
alcohols and carbo-hydrates of oi^nic chemistry. 

The preparation of a few of them will be given here. 
Starch, CgH|,0„ is a product of the growth of plants. From it 
r grape migar can be made, as here illastrated. 



Exp. 62. Bub 10 Gm. of starch to a thin cream with a little 
water, then add 200 cubic centimeters more and 5 cubic centimetets of 
dilute Bulphimo acid. BoU the mixture in a flask or beaker for several 
hours, replacing the water lost by evaporation. The starch becomtts 
gradually converted into sugar, while the acid remains unchangwd. 
This miist next be removtid, which is aecomplishi?d by adding powdered 
chalk as long as there is effervescence. The acid is converted into 
insoluble calcium sulphate, which is filtered off. The clear filtrate, on 
evaporation, leaves a residue of glucose, C^Hj^O^ 

On a large scale the conversion of starch into glucose is accomplished 
by heating with the small amount of acid under steam pressure. 

Kxp. 63. Test the glncose made by dissolving it in water and 
boiling a few drops of this solution with some Fehliug solntion, the 
preparation of which will be given later, under the head of Yoiametric 
Analysis. This solution contains a hydrate of copper which is " reduced " 
by the glucose to bright red suboxide of copper, and the appearance of 
this red precipitate proves the presence (in this case) of the grape 
sugar. 

Cane-sugar, or saccharose, C„HjjO||, cannot be made by soeh a 
simple artificial process. It can readily be converted into glocose, 
however, by heating ita solution with a little dilute acid. 

Sxp. 64. DisBolve about a Gm. of pure crystallized cane-sugar 
in ten cubic centimeters of water, and divide the solution into two parts. 
Test the first with the Fehling solution. No precipitate is formed. 
Now boil the second part with two drops of dilute sulphuric acid, tor 
three or four minutes, neutralize with sodium carbonate solution, and 
test by boiling with the copper sohition as before. A red precipitate 
is formed. Along with the glucose a similar sugar, known as leevulose, 



C„H„0„+H,0-:CsH„0,+C.H„0. 
Practically, in the manufacture of fermented liquors starch is con- 
verted into maltose, a body somewhat allied to glucose, by means of 
malt (acid is seldom used), and the sugar solution w obtained is 
fermented by the addition of yeast. The cells of this little plant can 
net on- the sugar, and break it up into alcohol and carbon dioxide, as 
in this equation : 

C,Hj,0,=2C^O+2COj 
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Exp< 65> Mix 100 Om. of glucose BjTup or molassett with 500 
cubic centimeters of water, and with this solution nearly fill a flask or 
bottla A few cubic centimeters of brewer's yeast are added to tbe 
contents of the bottle and shaken. The whole apparatus, closed^ by 
a cork, through which passes a bent delivery tube, is left at rest, in a 
moderately warm place, for two or three days. The deliyery tube ii>ada 
into a dry gas bottlp, loosely covered. 

When theevolution of gas has nearly or qiute ceased the stopper 
can be removed from the bottle. The liquid is to be divided into two 
parts. The first is to be treated as in Exp. 67, and the other as in 
Exp. 68. 

Exp. 66. Pour some lime vater iu the gas bottle. The forma- 
tioQ of a white precipitate shows the presence of (X^ 




Exp. 67. The fermented liquid obtained above contains alco- 
liol, but very largely diluted. It can be separated and tested as fol- 
lows: Arrange tie apparatus as shown in the figure. The first fla.sk. 
holding about 800 cubic centimeters, contains the liquid, and is 
heated by a lamp directly, The second flask is kept at a lower tem^^er- 
atnre by heating it on a water -bath. The delivery tube jiasses into a 
small beaker or flask kept cool. (See Fig. 16.) 

Alcohol and some water distil from the first flask, while from the 
second the alcohol with much loss wp.ter is obtained. This is possible, 
aa the alcohol boils about 20 degrees lower than the water. 
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The odor of the liquid collected in the small beaker is character- 
istic. It can also be tested by burning. In practice alcohol can be 
made of abont 93 per cent strength, by weight. Absolute alcohol is 
made from the commercial article by removing the remaining water by 
heating with good freshly burned lime, and distilling over this. 

As alcohol is made from sugar by a process of fermentatioD, so 
from alcohol, vinegar or acetic acid can be made by an analogotiH pro- 

Exp. 68. Allow the second part of the alcoholic liquid to stand 
for several days in a loosely covered bottle. The acetic acid ferment- 
present in tiie air, acts on it gradually in such a manner as to cany- 
ozygen to the alcohol and break it up into the acid and water. The 
contents of the bottle become sonr, and if after standing some days a 
little powdered chalk is added, a lively effervescence proves the pres- 
ence of an acid strong enough to liberate CO,. 

Alcohol can be converted into acetic acid by several other methods. 
Nearly all strong oxidizing agents are capable of bringing about this 
reliction. 

Practically, large qnantities are made from pyroligneotw acid, the 
acid liquid obtained in the destructive distillation of wood. 

Niunerous other examples of combinations of carbon could be given, 
but these are perhaps sufficient for the present porpose. 

The whole subject of organic chemistry is concerned with the study 
of these multiform combinations. 
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SODItTM. 
80DIUU. 

[NATRIUK.1 

Na. 28. Sp. gr. 0.970. 

Sodiiim is not fotmd. free, but in several natural compounds, of 
-which the chloride (salt), and the nitrate (Chili saltpeter), are the most 
abondant. 

It is a soft, vhite metal, resembling potassiom, and is prepared, hke 
this, by reduction of the carbonate by carbon. It decomposes water, 
and is kept under naphtha. 

The compounds are soluble in water, with a few exceptions, and 
maj be recognized by these teste: 

1°. Sodium compounds, eyen in minute traces, color the clear flame 
of the Bunsen burner intensely yellow. 

2°. A freah solution of potassium pyroantimouate added to a con- 
centrated neutral solution of a sodium salt, produces a white ciystal- 
line predpitate of Bodium p\~roaDtimonate, Na,H„SbjO,.fiHjO, which 
separbtee rather slowly. 

This reaction is characteristic of sodium only when other salts, 
excepting those of potassium, are absent. 

Salt servee fis the starting- point for most sodium compounds. The 
sulphate, carbonate and bicarbonate are made in turn from this. The 
last two are used in making many others. 
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Pom. old. 


Weiiht. 


Per «™i. of 

8odlam. 






40 










Cfijoride' ""J-— -— - 




58.4 
102.8 
148.6 
253 
104 
248 
822 
288 
106 

84 

85 
858 
446 
106 
106.4 
150.S 
197.6 
882 
132 
S12 
170 
186 
163 
116 
394 

86 
804 
134 
838 
698 
2S2 
166 
380 
124 
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Na,CO,.10H,O 














Nitrate 


NaNO, 






Na,HP0,.12H,0 
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POTASSIUM. 

POTASSIUM. 

[KALIDU.1 

K, 39. Sp. gr. 0.86B. 

PotaNsium does not occur free, bat widely distributed in several 
compounds. 

The silvery white metal is reduced by heating a mixture of powdered 
coal and the carbonate in an iron retort It decomposes water ai 
ordinary temperature, and must be kept under naphtha. 
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Moat ot the compounds are soluble in water, and can b 
by tiiese teste : 

1°. Fotaseinm salts, moietened with Bnlphuric or hydiocliloric acid, 
impttrt a blue violet color to the flame of a Bunsen bnmer, when intro- 
dooed in the solid form, or best, as strong solntion on a platinum wire. 

The color is not obscuied when viewed through glass colored blue 
by cobalt. 

2°. By adding solntion of platinum chloride to a solntion of a potas- 
sinm salt containing a little hydrochloric acid, and then evaporating to 
dryness on a water-bath, a precipitate of potassium platinum chloride. 
KjEHCl,, is formed. By pouring water on the residue, everything is 
dissolved but the K^C]„ which is left in the form of fine yellow 
ciystals. 



PREFARATTOSe C 



' POTASBtUH. 



Hyd»t« 

Bydnte (soladon) 

Cblorlde 

Bromide 

lo^de -, 

Cfwiide 

Fwrocjanide 

Ferrii^aolde 

Snlphfde , 

Bulptklte 

Bianlphlte 

Sulphate 

Btsulphftte 

(^Tb(»ute 

^carbonate 

Kitrite 

Nitrate 

Cblorate 

Bromate 

Slllpll0C7aDale 

HypophoBphlte 

PbMphate(acUI)... 

Chromste 

Bichromate 

Permanganate 

AntimcHiate — 

Anenite 

Silicate 

Acetate - 

Cllrtte 

Oxalate 

Oleote 

Ssllcylate 

Snlphocarbolate 

Tutrate 

Bttaitrate 

— (odium tartrate.. 



KOH 

5j6EOH, 

KCl 

KBr 



K-CO, .. 
KHCO,. 
KNO, „ 
KNO, .. 
KCIO, ... 
KBrO.-.. 
KIO, .... 
K8CV ,_. 
KH,PO, 
KHjPO, 
KjCrO.... 
K,Cr,q, . 



hi 



KC-H.O, _ 

E,dH,0,.H,0.. 
KjdOj.HjO.... 



KNaC,H,0,.4H,0.. 



36.97 
30.11 

u.m 

40.31 
32.60 

4483 
28.68 
96.02 



42.3» 
12.1» 
21.08 
18.40 
84.51 
20.74 
13M 
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A large number of potassium compounds are used in pharmaay aod 
in the general arts. Native potaseiiun chloride, found in large quanti- 
ties near Stassfurt, Germany, is the source from "which most of them 

' are prepared indirectly. This is converted into the sulphate and the 
sulphate into the carbonate, from which the bicarbonate can be obtained 
in pure condition. The hydrate can also be prepared from the car- 

. bonate, end serves, like the bicarbonate, for the preparation of many 
compounds. 

Formerly, the carbonate was made by leaching wood ashes and 
evaporating. This gave a erode "pot-ash" from which the pure 
K,CO, was obtained. It vras made, also, bj fjlmr.ing ''cream of tar- 
tar," potaseium bitartrate, deposited as "ai^ls" in the fomentation 
of wine. 

LITHIUM. 



LITHIUM. 
LL 7. Sp. gr. 0.69. 

Lithium is a rare metal foimd in several minerals, and in minute 
quantity in the waters of certain springs. 

The metal is silvery white, and is reduced from the fused chloride 
by electricity. It oxidizes in moist air, and decomposes water- The 
salts are generally colorless, and mostly soluble in water. They may be 
recognized by these teste : 

1°. Lithium salts impart an intense crimson red color to the clear 
flame of theBunsen burner. 

2". Solution of sodium phosphate boiled vrith solution of a lith- 
ium salt produces a crystalline precipitate of lithium -phosphate, 
2Li3pO..H,0. 

From its low atomic weight, lithium has a great saturating power. 
7 parts being equivalent to 23 of aodinm or 39 of potassium. 

The carbonate is the most important compound, and is used in the 
preparation of the others. 

or LITHIUM. 



Chloride .. 
Bromide .. 

Iodide 

Carbonate . 
Benzoate .. 

Citrate 

Salicylate .. 



Li,CO, 

Libf^O, 

Li,0,H.O, , 

aLl^H50,.H,0.. 



.,i^.oe>^ic 



THE ELEMENTS. 



AHMONItTH. 



AKUOHIDH. 



NHj. 18. Sp. gr. ■ 

The free existence of this radical is doubtful, but numerous com- 
[lonadH ate known. 

In the dftstructive distillation of coal (manufacture of illuminating 
gas), most of the nitrogen present combines with hydrogen, oxygen 
and carbon to form ammonium carbonate, which jiasses along with the 
gaa until it ia intercepted by the wat«r in the hydraulic main. This is 
replaced by fresh water from time to time, and the ammoninm carbon- 
ate it holds is converted into sulphate or chloride by acid, and recoi' 
ered b)' evai>oration and distillation. 

The following teste are sufficient for the recognition of the ammo- 



1°. Boiled with solution of a fixed alkaline hydrate, as KOH or 
NaOH, ammoninm compounds are decomposed. NH, is liberated, 
which can h6 recognized by its smell or action on red litmus paper. 

2°. Solution of platinum chloride, PtCI,, precipitates from solution 
of ammonium salts, acidified with hydrochloric acid, crystalline yellow 
ammoninm platinum chloride, (NHJ^EHCl,. Dilute solutions must be 
concentrated before applying this test 

The general and pharmaceutical uses of ammonium compounds are 
various. The sulphate and chloride, prepared as before, serve as the 
material from which the others are made. 



Ammonlft 

Ammonia, spirit of 

Hydnte _. 

Hydrate (eolutiool. 

Hydnta (BOlutlon) 

Olilorlde 

Bromide 

Iodide 

Snlphlde -.. 

Sniplurte 

mtnte ._ 

Carbonate (commercial). 

Pboephate 

Acetate 

Acetate (aolotioa) 

Benzoate 

atnrte 

Oxalate 

Tartrate 

Valerate 







85 






























rn.xNH,)co,.. 


(l.-iT) 
















S43 


o 


142 




110 



. al Nil*. 

100.00 
10.00 

48.57 
10.00 
28.00 



n.3» 

11. 7B 

r>o.oo 

25.78 
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CALCITTM. 
Ca. 40. Sp. gr. 1.6. 

Galcitmi does not occur in the free state, but very abondaiitly iu 
nnmerons compounds, of which the carboDate (marble, lime-Etone, chalk) 
and sulphate (gypsum) are the most important. Silicates, phosphates 
and oflier salts are found in smaller quantity. 

The metal is brausy yellow, and can be best prepared by reduction 
of the fused chloride by means of a strong galvanic current. Most of 
the salts are soluble in water or dilate acids, and are recognized by 
these tests. 

1°. Alkaline carbonates precipitate white calcinm carbonate, CaCO^ 
from solutions of calcium salts. 

2°. Ammonium oxalate throws down from nentral or alkaline 
solutions white calcium oxalate, CaC,0,. aq., insoluble in excess or in 
acetic acid. 

3°. Sulphuric acid and soluble sulphates precipitate calcium sul- 
phate, CaSO,.2H,0, from solutions which are not too dUuta From 
weak solutions the precipitate settles out very slowly ; -Us formation may 
be hastened by the addition of 2 volumes of alcohol. 

4°. Calcium chloride and other compounds moistened with hydro- 
chloric acid impart a yellowish red color to the clear flame of a Buusen 
burner. The reaction shows best with the chloride. It is obscured by 
presence of bariiun, stxontinm or sodium compounds. ^ 

PBEPABATIONS OF CALCIUM. 



Oxide - 

Hydrate — 

Hydrate (solution).. 

Chloride 

Bromide 

Iodide 

Sulphide 

Sulphate 

Sulphite 

Nitrate 

Carbonate 



Phosphate 

Phosphate(acld}.. 
H; pophosphite ... 

Hypochlorite 

Oxalate.. _-. 



CaCi,.. 
OaBr... 
Cal,. 



CaS^. 

CaSO. 

CaSOJJH,0 

(;a(ioxaH,o 

CaH.{I^ 



)rH,0 .. 



.-CaC,0,.2H,0.. 



65.5& 
SS.41 
35.64 
16.94 
40.00 
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Caleinm carbonate serres as tlie raw niBterial from which most of 
Uie other salts are made. It occurs -very pore as marble and calc-spar. 
An impore fonn oontams magnesium carbonate, and is bnown as 
magnemum Unut-atone: 



). gr. 4+ 



BABIUU. 



Ba. 187. 

Barium is found chiefly tm carbooate and sniphate. 

The pale yellow metal can be obtained, with difficulty, by eleotro- 
lyzimg the fused chloride. 

The barium salts, with the exception of the eulphate, dissolve in 
water or acids. The characteristic tests are: 

1°. Alkaline carbonates precipitate barimn carbonate, BaCO^ 
readily soluble in dilute acids. 

2°. Ammonium oxalate precipitates from neutral or alkaline solu- 
tions of barinm salts white barium oxalate, BaC,0,.H,0, whidi is solu- 
ble in oxalic or acetic acid. On standing, however, the barium precipi- 
tate«i from such a solution as binozalate. 

8°. Sulphurio acid or soluble sulphates precipitate solutions of 
barium compounds as white barium sniphate, BaSO,. This is one of 
the most insoluble of artificial compounds, and is attacked bat slightly 
by boiling concentrated acids. 

4°. Potassiom bichromate precipitates from neutral or acetic acid 
nolntions of barium salts yellow barium chromate, BaCrO,, soluble in 
dilate hydrochloric and nitric acids. 

5°. Barinm compounds impart a yellovrish green color to the flame 
of the Bonsen burner. The reaction is obscnred by the presence of 
several other metals. 

Barium carbonate is the eoorce from which most of the barium com- 
pounds are made. Native barium sulphate is used in paint 

PBEPASATIONB OF BARIUM. 





Form Hi*. 


^^^ 


^S^^"* 






168 

169 

815 

248.8 

189 

388 

261 

187 












Bs{OHV8H,0 






B^^afff" .. : : 






Ba8 . :. :. 
















Cuboiiau 


BaboY^.:::::::::::::::: 


69.54 
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STRONTIUM . 

STHONTTDM. 
Sr. 87.4. Sp. gr. 2.5. 

'Stroatium is found as carbonate aud sulphate! Tlie metal oaa be 
reduced by electrolysis of the fused chloride, aud so prepared it is yel- 
low and malleable. 

In combination it may be recognized by these tests: 

1°. Alkaline carbonates precipitate strontium carbonate, SKX)^ 
Bolnble in acetic and dilute nitric and hydrochloric acids. 

2°. Solable sulphates or sulphuric acid precipitate white strontium 
solphate, SrSO,, vhich settles out from dilute solutions rather slowly. 
A dilate solutioa of potassium sulphate (1 — 200) will precipitate SrSO, 
on standing. (DiffOTencefrom Ca) 

8°, Potassium bichromate solution does not precipitate solutions of 
strontium compounds. 

4°. Strontium chloride, and other compounds moistened with hydro- 
chloric acid, impart a deep red color to the flame of the Bansea burner. 
The nitrate and chloride of strontiom are used in fireworks. 

F STRONTIOM. 





^orniiil*. 


Uoleculu 
Welebt. 


Pm™iit.i.( 






108.4 
265.4 
366.3 
188.4 
211.4 
147.4 
254.2 






K^%!§-l-:-v,::-.-.;;-- 






















bSo.!^:::"-;'::;."'"; 




Chlorate 


"<oi6.), 


34.88 



UAGNESmiL 

HAGNESnTH! 
M^. 24 Sp. gr. 1.74. 

Magnesium occurs as carbonate and silicate among rocks, and in 
sea and spring water as sulphate, bromide and chloride. The metal 
is best obtained by fusing the chloride with sodium. It is soluble in 
acids, and, when not qnibe pure, in water, forming hydrate. 

The analytical characteristics of the compounds are: 
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1°. Potassiiun and sodium carbonates precipitate basic magnesium 
carbonate, 4MgCOrMg(OH)3.6HjO, readily solable in dilate acids and in 
ammoniom chloride solution. 

2°. AmmoDiiim carbonate, in absence of other ammoniom ealts, 
precipitates white magnesium carbonate, MgGO,.3HjO. 

This precipitate is readily soluble in excess of ammonium chloride 
■ (difference from Ca, Ba and Sr). 

3°. Ordinary sotiium phosphate, HNajPO,, precipitates from solu- 
tions containing ammonium hydrate and ammonium chloride, white 
crystalline ammooitun magnesium phosphate, NH,MgP0,.6H,0. ' This 
IB readily soluble in dilute acid. 

4°. Magnesium compounds impart no color to the flame of a Bun 
sen burner. 

Magnesiom is largely used for the production of an intense white 
light (by burning) employed in photography, and for signaling at sea. 

Uany of the salte are of pharmaceutical importance, and are ob- 
tained from the basic carbonate or sulphate. 



PEEFABATIOHB ( 



UAOKESIUH. 



Oxide 

Hydrate 

Chloride ...j 

Bromide 

Iodide 

Sulphate .i 

Sulphite..: It 

Nitrate 1 

Carbonate (basic) 4 

RuMphate J 

Acetate J 

Chrate jS 



MgBr,.6H,0 - 





PercaaCdt 


WBlKhC. 




40 


60.00 




41.88 


203.8 




301.6 


8.83 




8.S6 






313 


11.83 


2S6 


e.S8 




23.00 


283 


37.48 


143 


16.90 


314 


11.31 
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ZINC 

Tomcux.. 

Sp. gr. 6.8-7.2. 
iceors nsnally as enlpbide or blende, ZaB, and as corboDato, or 
, ZoCOr The metal is obtained by roasting the ore to oxide, 
reducing this by means of powdered coal. 
eadily soluble in dilute acids, 
metal may be recognized by its color and other physical 

apounds the following tests serve for identification: 

Ljnmoniom, potassium and sodium hydrates precipitate from 

at zinc salts white zinc hydrate. Za{0}I}„ which dissolves in an 

the precipitant. 

[ydrogen sulphide precipitates from alkaline stdutions white 

sulphide, ZuS-ILO. In neutral solutions the precipttatiou is 

al; strong acids prevent it, but from solutions containing only 

d it is oomplete. The same precipitate ia formed by am- 

ulphide. It is insoluble in excess of the precipitant and in 

ydrates. It dissolves easily in dilute nuneral acids. 

odium carbonate precipitates basic zine carbonate, which 

imposition according to the temperature and concentration 

itions. These precipitates are white and insoluble in an excess 

^nt. 

otassium chromate precipitates from neutral solutions of zinc 

3 zinc chromate, ZnCrO,,Zn(OID„ yellow, 

I used as a covering for Iron (galvanized iron), in sheets for 

irposes, In brass and other alloys, In galvanic batteries, and 

eparatlon of several salts. The solution of zinc in dilute 

ric or sulphuric acid affords the best means of preparing 
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PBBPARATIOHB OF ZINC. 



1 Fortonlt 


Wrt^ht. 


P«C«lt.Of 

ZlM. 




80.9 
185.7 














SS4.5 
818.1 
116.9 
3413 

96.8 
386.9 
546.5 
866.7 
286.9 
284.9 
626.9 
296.9 
054.9 
862.9 
























')> 


59.88 


















P 


11.89 







COBALT. 

COBALTUM. 

Sp. gr. 8.9. 
y associated with nickel compoauds. The reduc- 
expensive operation. It resemblea nickel in 

ire red and the anhydrons salts blue, as a rule. 

}hide does not precipitate acid solutions of 

Iphide precipitates black cobalt sulphide, C3o8, 

It compounds. It is insolnble in excess of the 

:ids. 

soditun hydrates precipitate from hot solationa 

[)H)j, which soon turns dark brown from absorp- 

x>ld solutions a bluish basic precipitate is thrown 

38. 

drate throws down from neutral solutions, free 
Liasic hydrates, which dissolve readily in excess, 
im salts very peculiar complicated oomponnds 
cipitation. 
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From a cobalt solution containmg an excess of acetic acid, potes- 
itrite precipitates the metal completely in the form of alemoD yel- 
rstalline compound containing nitrites of cobalt and potassium, 
)s),+6KN0,+water. 

J amonnt of water depends on the concentration of the solutions. 
s precipitnt« is characteristic, and diatingnisbes cobalt from nickel. 
Cobalt compounds impart a deep bine color to the borax bead. 
\ trace is sufficient to show this reaction. 

impure silicate of cobalt known as amalt, is used to impart s 
Ine color to glass or pottery. 

tolution of cobalt chloride is employed as a sympatlietic ink. 
spears almost colorless on paper, but becomes blue on appUca- 
heat 

PRBFABATIOna OF COBALT. 





Formnls. 


"«." 


Per cent, of 
Cotalt. 






75 
166 
387.B 
826.6 
430.2 
111 

91 
261 
2B1 
237 




":\::r.::"":;:: 


CojOi 


71.08 














C0L.6H1O 


14.04 


















20.98 






20.28 


tte 


CoCO,.6H,0 


26.99 



NICKEL. 

NICCOLUM. 

Sp. gr. 8.9. 
kel occurs native in meteoric iron. Found usually combinecl 
'senic, antimony, or sulphur, and associated with other ores. The 
I of extracting the metal is complex. 

s silvery white, takes a good polish, does not tarnish readily and. 
Bs in dilute mineral acids. Its salts containing water of crystal- 
i are usually green; anhydrous they are yellow. The following 
I chief analytical teats : 
Hydrogen sulphide does not precipitate acid solutions of nickel 

Ammonium sulphide produces in solutions of nickel salts ^ 
)recipitate of nickel sulphide, NiS, which is slightly soluble to. 
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ezeees. The precipitate is practically insoluble in oold dilntie hydro- 
chloric acid and in acetic aoid, bnt dissolves in aqua regia. 

S° Ammoniiuu hydrate produces in solutions of mokel salts a light 
gieen precipitate, which disappears on addition of an excess, giving a 
bloe liquid containing a donble compound of nickel and ammoDiuiu. 

4". Potassium and sodium hydrates precipitate from sotutioos of 
nickel salts greenish nickel hydrate, Ni(0H)2, vhioh is i 



5°. Potassium cyanide preoipilatee nickel cyanide, NiCy^ from 
Eolatiixis, and redissolves it when added in excess, forming a dark yel- 
low solation. If this is treated with an excess of sodium hypochlorite 
solution and boiled, the nickel precipitates as black hydrated peroxide, 
Ni,(OH), 

6°. Compounds of nickel fased in the borax bead impart to it a 
reddish brown color, visible on cooling. 

Nickel is chiefly used for plating, and as an alloy iu coins and instru- 
ments of various kinds. The salts are best prepared from the carbon- 
ale or oxide. 

PBEFABATIONS OF HICSEL. 



Oxide (oos) 

Oxide (ic) 

Chloride 

Brmnide 

C^soide 

Sulphide 

Sulphate.^ 

— unmoD. sulphf 

Nitrate 

CHrbonate 



NiO 

NljO, _ 

NlCI,.flH,0 

NiBrrSKO 

N1I-.6H,0 _ 

mCjj 

Ni8 

Ni80,.7H,0 _ 

NlfNO,),.6iKo :,. 

NICO,.6H50 :.. 



70.73 
24.46 

ai.ss 

1834 
S2.7S 
6444 

ao.71 

14.78 
30.00 



atANGANESE. 

HANOAKtTU. 

Mn. 53.9. Sp. gr. 7.99. 

Manganese is not found native, but usually as black oxide, or pyro- 
luaite, MuOj. 

The metal can be obtained by redaction of one of the artificial oxides 
by charcoal at a high temperature. It has no practical usee. The 
iximpouoda can be recognized by these tests: 

1°. Uanganese compounds fused with dry sodium carbonate and a 
little potassium nitrate on a platinum foil yield sodium manganate, 
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NajMnO,, green while hot, aad blaiah green oq cooling. This is a 
delicate and characteristic teat 

2°. Amm$)niuin aiilphide produces in neutral or alkaline solutions of 
manganese salts a light colored precipitate of maoganoiis sulphide, 
KnS.HjO. This tume brown on standing in the air, and is readily 
soluble in dilute acida. 

8°. Potassium, Bodinin or ammonimn hydrate prodtioes in solutions 
of manganese salts a dirty white precipitate of maogaaous hydrate, 
Md(OH)i. Elxposed to the air, this absorbs oxygen and turns dark 
brown from the formation of manganic hydrate. The manganoua 
hydrate redissolves in a aolntion containing an excess of ammonium 
chloride, bui the brown hydrate, produced by exposure to the air, does 
not 

4°. Manganates or permanganates would not be recognized by the 
above precipitation tests. Solutions of the first are green; of the second, 
purple. In the ordinaiy course of analysis these would become 
reduced, leaving the manganese in the form of a salt, suitable for pre- 
cipitation. 

The black oxide of manganese is the source from which all mangan- 
oee compounds are obtained, directly or indirectly. 

This oxide is used in large qaantitira for the manuflioture of chlorine 
gas by decomposition of hydrochloric acid. 

PREPARATIONS OF UAMOANBBE. 



OjldefouB) MnO __..:._„_— 69.9 

O^idertc) Mn-O, :' 155.8 

Oxidefhyper)- MnO, _._ SB.9 

Chloride MiiCt*H,0 196.8 

Iodide MnL 807.1 

Bromide - TAaBi^iEfi 285.6 

SulphaM. _ Mn80,.4HjO S21.9 

Carbonate MnCO, 118.9 

Nitrate ___|Mn(NOj,),.6H,0 _' a«5.9 

Phospliate_ Mn/P0,V7H,0 1 477.7 

Tannate _ I 

Tartrate MnC.H.O, 301.9 

Fotasa: permaoganate {E,Mu,0, 813.8 
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naANixTH. 

UBAinnic. 

V. 239.5 Sp. gr. ia7. 

TJranitUB is a rare metal, found as an oxide, pitchblende, and ob a 
phosphate. Two olasseG of salts are known: aranoos and oranic. The 
former are grseii and the latter yellow. 

The nranic Baits are recognized as follows: 

1°. Anunoniom carbonate produces a yellow precipitate, whioh 
<lJssolTes in excess. 

2°. Solution of potassium ferrocyanide produces a reddish brown 
precipitate, even in very dOute solutions. 

FBXrABATIOTIS OF tlBADIUU. 



oSc,rf;5j)3H,< 



FEBBUM. 
r& 5«. Sp. gr. 7.S. 

Iron has been found native, but it usually occurs an oxides, carbon- 
ate or sulphide. 

The metal is reduced in the blast furnace, from the oxides (or car- 
bonate after calcination) by eome form of carbon. 
2Fe^03-f3Cj= 2Fe,+6CO. 

Exp. 69. An experiment showing the reduction of iron by . 
hydn^en is performed in this way: Prepare a tube of hard glass, I'l 
to '20 Cm. long and 1 1 Cm. in internal diameter. By means of perfo- 
rated corks attach smaller tubes to each end. One of them is connected 
with a hydrogen generator, and the other is drawn out so as to leave a 
coarse point Precipitate some ferric hydrate, by the action of ammo- 
nium hydrate on solution of ferric chloride, wash and dry it thorooghly, 
and powder the resulting peroxide. Introduce several Gm. of this 
into the glass tube, pass a current of gas from the generator, and by 
means of a Bunsen burner heat the tube, gradually at first, but finally 
very strongly. (See Fig. 17.) 

The hydrogen combines with the oxygen of the oxide, forming 
■water, which escapes as steam, while a grayish black powder of reduced 
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in the tube. This is the ferrum rednctumof the Pharma- 

xtVteH readily in hydrochloric, snlphnric, and cold dilute 
irodacing ferrous Baits ; in strong nitric acid ferric nitrate ia 
le chief tests are these: 



lrogf>n Holphide doea not precipitate neutral or acid solu- 
1 compounds, but alkaline solutions are thrown down as 
i sulphide, FeS. In case of ferric compounds this precipi- 
mded by separation of sulphur. The precipitate is readily 
lute acids. 

monimn sulphide precipitates ferrous sulphide from soln- 
DUs salts, and ferrous sulphide -|- sulphur from solutions of 

[Qonium hydrate added in excess to Nolutions of ferric 
es a red precipitate of ferric hydrate, Fej(OH),. From 
ferrous salts containing no other ammonium compounds a 
precipitate of ferrous hydrate, Fe(OH)j, is thrown do^'n. 
becomes red by oxidation in contact with the air. If ammo- 
ire present in sufficient quantity no precipitate is formed 
ition of ammonium hydrate. 

[usium siilphocyanate produces in solutions of ferric salts, 
ilntions of ferrous salts free from ferric, deep red soluble 
Kyanate, Fe^S^Cyf. This is a very delicate and charaoter- 
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istic TeactioQ. In presence of several organic salts the color appears 
011I7 after the addition of hydrochloric acid. A similar color is givea 
by nitric acid containing nitrous, but in this case it disappears on warm- 
ing vitb alcohol. 

5°. Potassium ferricyanide does not precipitate ferric solutions, but 
in ferrous solutions it produces deep blue ferrous ferricyanide, Fe,Fe,Cyj]. 
In very weak sidutions only a greenish blue color is produced. 

6°. Potassium fetrocyanide produces in solutions of ferric salts 
deep blue Prussian blue, ferric ferrocyanide, Fe,Fe,Gyig. This reaction 
is likewise very delicate. Ferrous solutions give with this reagent a 
bluish white precipitate which gradually beccoues deeper ccdored by 
absorptioD of oxygen from the air. 



Oiidefow) 

Oxide (ous,ic).. 

Oxide (ic) 

Hydrate 

Cnloridefons).. 
CUorideac)— - 
Bromide (oub).. 
Bromide ^c) ... 

Iodide 

SuIpUdefouB).. 
Sulphide he)... 
Sulphate fous).. 
Sulphate (ic)... 



FeO 

Fe,0, 

PeBrj 



Nitrate 

Carbonate 

Hy pophoBphlte 

Fhoephate^ovB)... 

Phosphate (ic) „- -,,-- 

Pyrophosphate FeiP,0,V 

Ferrocyajiide (Ic) IFe,(Fe'^ ■ 



Arsenate (basic) |Fe,i 



Fe,Br, 

F«L 

P(« 

PeS, 

FeSOj-THjO 

■^A86'.j,:eH"6".:: 

i.WNH,),(Sq,)..24H jO _ _ 

FejNOXiaHjO 

PeCO... 



i,o.. 



Peiricyaiilde (oub) JFeJFe,dy,r).._ 

* ■-' lFe,0JABO!)..]6H„0. 

Fej(C,H,a,\.6H,0,- 



Catrate 

— amnuMi. citrate... 
^quinine citrate... 

— BtrychnlDB citrate. 

Lactate 

Oxalate 

Tartrate 

— ammon. tartrate. . 
B. tartrate... 



18.05 
18.11 
68.63 
46.60 
20.14 



11.61 

18.0li 
48.27 
22.»I 
83.48 
29.U4 
80.02 
45.5H 
47.ai( 



FeC.HjO,.- 



19.44 
84.57 

27.45 



Valerate .. 

The ordinary xises of iron are well known. In the laboratory it is 
employed in stands, tongs, fumaoes, oil and sand-baths, etc., on account 
of its strength and relative cheapness. For several of these purposeebrass 
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would be preferable, as iron oxidizes very readily in the air of a labora- 
tory. In the form of wrought iron it is need in pipes for ccmTeying 
water, and in stills and boilers for operations on a large scale. 

In the form of fine wire it is used in the direct preparation of sev- 
eral phannaceotical f 



ALUUINIITM. 

ALUMINIU3C. 

Al 27. Sp. gr. 2.67. 

Almninium occurs chiefly as silicate in clay and various minerals. 
Occurs also in alum shales, from the disintegration of which it is 
obtained as sulphate. 

The reductioa of the metal ia somewhat expensive, as it is aocom- 
plifihed by the action of sodium on the double chloride of alominiTiin 
and sodium, itself an artificial product 

The metal is recognized by it« light color and low specific gravity. 
Solutions of potassium and sodium hydrates and hydrochloric and sul- 
phuric acids dissolve it, Nitric acid does not 

The artificial compounds are soluble in water or acids, and are recog- 
nized by these teste: 

1°. Ammonium hydrat« precipitates gelatinous aluuinium hydrate, 
A1,(0H)„ which is very slightly soluble in an excess of the reagent 

2°. Potassium and sodium hydrates produce the same precipitate, 
but in excess redissoWe it completely. If ammonium chloride is added 
to such a solution, which is then warmed, the whole of the A1,(0H), 
mprecipitates. 

3". Barium carbonate in finely divided condition, digested with 
solutions of alnminium salts, produces in the latter a precipitate of basic 
aluminium hydrate. 

The acid of the salt combines with the bariimi, while COj is 
liberated 

FreHence of organic matters, as sugar, tartaric acid, and citric acid, 
interferes with the above tests. Wien present they should be rranoved 
by ignition. 

4°. If an aluminium compound is strongly heated on charcoal with 
the blow pipe, then moistened with solution of cobalt nitrate and again 
ignited, a deep blue color is produced, which shows best on oooling. 
This color is due to the formation of a complex compotud containing 
cobalt and aluminium, but is not an absolutely certain test for the lat- 
ter, as a few other substances give the same reaction. 
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Metallic ftlamiiuam is osed in the mannfactare of several iiLstru 
meats aud in veighta. Also in several alloys, as aluminium brome 
The sulphate serves as the starting-point for making most of the 
compoonde. 



jti/uuwnju. 




Hydrate 

Chloride 

Sulphate 

— potass. Biilph.. 

— potass. Btdph.. 

— uninoii. an) ph. 

Nitrate „.. 

Acetate 



CHROHIVIL 



OHBOMZUH. 



Sp. gr. 7.3. 
8 cbiflfl; as chrome iroustoDe and also as lead chro- 



Cr. 52, 

Chrominm o 

The meta) can be obtained by reducing the chloride by zinc or by 
electrolysis. It has no commercial importance. 

Chromitmi appears in two classes of compounds, as it may perform 
either a basic or acid function. Potassium chromate, K^CtO,, may be 
taken as the type of one class, chromium sulphate, Cr2(S0J„ as the 
type of the other. 

Bednoing agents convert cbromates into salts of chromium, while 
oxidizing agents fused with the latter convert them into chromates or 
bichromates. 

The following experiments illustrate this: 

Exp. 70> Powder 20 Ctm. of potassium bichromate, dissolve it 
tn water in a porcelain dish, add 15 to 20 cubic centimeters of strong 
sulphuric acid, and cool the muttnre. Now add about 10 cubic centi- 
meters of alcohol, and stir. Notice the change of color from red to 
dark violet. 

The alcohol acts as the reducing agent, giving up part of ito hydro- 
gen, and becoming converted into aldehyde (and acetic acid), as shown 
by the following equation: 

K,Cr,0,+4H,S0, +80^0= K,SO.+Cr,{SO J,+7H,0+8CaH,0. 
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If the eolation is allowed to stand a few days, crystals of chrome 
alum, KjCrj(SO,)j.24H30, separate out, and can be obtained by pouring 
off the mother liquor. 

Exp, 71. Kow try a second experiment by powdering these or 
similar crystals and drying this powder by application of heat. Fuse a 
little of it f^th a mixture of dry sodium carbonate and potassium chlo- 
rate on platinum foil. When cool the fused mass is dissolved in water, 
forming a deep yellow solution of potassium and sodium chroinates. If 
this is heated with a little acid it turns red, from formation of bichro- 
mates. 

Chromium is recognized in its compounds by the following tests: 

1". Ammonium hydrate precipitates from solutions of chromium 
aalts greenish chromium hydrate, Cr,{OH)„ slightly soluble in an excess 
of the precipitant, but which is Oirown down completely on boiling. 

2°. Potassium and sodium hydrates produce the same precipitate, 
under similar circumstances, but redissolve it when in excess. By 
adding ammonium chloride and boiling, the hydrate comes down again, 
completely. 

3°. Barium carbonate digested with solutions of chromium salts 
precipitates basic chromium hydrate. Organic matters interfere with 
the above tests, as in the case of aluminium. 

4°. All chromium compounds fused with potassium chlorate and 
sodium carbonate give the same reaction as described above. 

5°. Chromates or bichromates can be recognized by their color, 
yellow or red, or by dissolving in water, with addition of sulphuric or 
hydrochloric acid, and then reducing with hydrogen sulphide, sulphurous 
anhydride or alcohol. The solution so obtained gives the tests by pre- 
cipitation, described a^ve. 

Potassium bichromate is made directly from the chrome iron ore, and 
serves as the material from which the other compounds are made. 

PBEPABATIOHS o 





FonnaU. 


UolMDltr 
WeJKht 


r^ML"* 






153 

100 

682.4 

716 

998 




gffik""'> 








19.68 










CT%^m^.shL,0. 












194 

394 

IBS 

269 

268 

832.6 

887.4 














84,21 
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CEBIUVL. 

CEBItTU. 

Ce. 140.5 Sp. gr. 6.73. 

Ceriom is a rars metal, in ite physical properties somewhat likeiroii, 
but with lower melting point 

The following tests are characteristic of cerium salts: 

1°. Potassium hydrate prodnces a white precipitate, insoluble in 
«xce6fi, and which turns yellow on exposure to the air. 

2°. Strong solution of potassium sulphate, added in excess, precipi- 
tates white cerous potassium sulphate from Bolntious of cerons salts. 

3°. Solution of oxalic acid precipitates white ceroos oxalate. 

FRBPARATIONA OP CBRTD3C. 



Potmnls. 

CfeO, 

oe,a, 

" S0,),.13H,0.. 
'S0J,.9H,0 ... 

coXqko ... 
CoX-eHjO .. 



Oxide—- 
Chloride - 
Nitrate -_ 
Sulphate . 
Carbonate 
Oxalate .. 



66.41 
C6.85 
S2M 
86.44 
45.10 
89.74 



CHAPTER VII. 



COPPER. 

CUPBTTM. 

Co. 6a2. Sp. gr. 8.6. 

Occurs obiefiy native and ia combination with sulphur. Bedaced 
by a smelting process. To illustrate the reduction from the oxide, the 
foUowing experiment may be tried: 

Exp. 72. Introduce two or three Qrm. of fine copper oxide into 
a hard glass tabe 15 Cm. long and 1 Cm. in internal diameter, to which 
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smaller tubes are connected at each end by perforated corks. Through 
one of these pass a carrent of dried hydrogen from a generator. When 
the air has been driveo oat throngh the other, which should be drawn 
to a ooaree point, light the escaping gae. Now heat the large tube with 
a Bimsen burner, moving it backwards and forwards to avoid cracking. 
Finally increase the heat and observe the gradual formation of bright 
metallic copper and the escape of steam along with the gas from the 
delivery tnbe. (See Fig. 17.) The reaction taking place is this: 
2CnO +2H,= 2H,0+ Co, 

Copper is recognized as such by its physical properties hardness, 
density, color, etc, or by chemical tests after solution. 

The chief analytical reactions of copper salts are as follows: 

1°. Hydrogen sulphide precipitates from neutxal, acid or alkalin» 
solutions black copper sulphide, CuS. This is not soluble in dilute 
snlphurio or hydrochloric acid, but readily in nitric. 

It is also soluble in hot solution of potassium cyanide. It is in- 
soluble in alkaline sulphides, excepting ammonium sulphide, which 
dissolves it slightly. 

2". Ammonium hydrate added to a solution of a copper salt, as the 
sulphate, precipitates light blue copper hydrate, Cu(OH)j, which dis- 
solves in excess forming a deep blue liquid containing copper am- 
monium sulphate, CuS0..4NHrH,0. 

3°, Potassium or so^nm hydrate precipitates, in the cold, copper 
hydrate; on boiling, this is converted into black copper oxide, CuO. 

4°. Metallic iron or zinc precipitates copper from solutions of its 
salts. A piece of iron immersed in a solution of a copper salt slightly 
acidified, soon becomes coated. A piece of zinc placed in an acidified 
copper solution contained in a platinum dish causes the total precipita- 
tion of the copper as a firm coating on the dish. 

5°. Potassium ferrocyanide precipitates from neutral or slightly 
acid solutions of copper salts, copper ferrocyanide, Cn,FeCy„ reddish 
brown. 

Copper is used in numerous ^oys, in wile for electric circuits, and 
in water-baths, stills, pans, boilers and drying ovens for laboratory or 
household operations. 

It is corroded by the action of most acid substances, especially when 
hot, and also by alkalies. Hence, such substances should not be heated 
in contact with it. 

Copper is used in the direct preparation of a lew compounds. 
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PRZPABATIONS C 



Foimnls. 

Oxlde(onB> Co-O 

Oxide nc) _ Cub , 

Chloride (oua) _ Cn-Cl- 

Chloride (ic) CuCUaiLO 

Solphide tons) Cu.8 

Sulplilde (ic) .CuS 

Sulphate _Cu80,.6HjO 

phosphide ICa,K 

Phoephate OuJrPO,V3H,0 -- 

Nitrate iCu(NO,V,.8H,0.... 

Carbonate (bairic) CuCO,.Cu(OH),. . . 

Arsenite CuHAeO, 

Acetate 'CufaHiAjj.HjO .. 

— ammon. sulphate jCu80,.«ra,.H,0 . . 



14S.4 

79.3 
187.3 
170 
158.4 

es.3 

349.2 



33a4 
187.2 
199.S 
245.3 



79.T9 
04.09 
87.17 
79.79 
66.38 
20.86 
75.36 
48.73 
36.90 
57.85 
38.78 
81.73 
35.77 



LEAD. 

PLUHBUH. 

Pb. 206.5, Sp. gr. 11.4. 

From its chief nstive compound, the solphide, galena, it is obtained 
by flimple metallurgical operations. Ita physical properties are char- 
acteristic, and when pure it can readily be recognized. It forms a part 
of many alloys, in which it may be found by special methods. It Is 
thrown ont from its combinations by zinc and other metals, as illustrated 
in this experiment: 



Exp. 73. In a dilute solution of lead acetate, acidulated slightly 
with acetic acid, suspend several pieces of sheet zinc After a time 
those become coated with small crystals of metallic lead, to which others 
forming attach themseWes, producing in time the so-called lead tree. 
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The amounts of zinc dissolved and of lead precipitated are projmrtional 
to their atomio weights. 

An interesting modification of the experiment may be made in this 
way : Twist the ends of several narrow strips of lead together so as to 
roughly resemble the branches of a tree; attach the "trunk" end to a 
copper wire, and immerse in a strong solation of lead acetate containing 
a little nitiic acid. Fasten another wire to a strip of sheet lead and 
place this in the same solution, but not touching the first. Now attach 
both wires to the poles of a battery, the "tree" to the zinc pole. In a 
tew minutee brUliant Bpangles of lead will shoot out all over the tree 
and soon cover it The apparatus is shown in Fig. 18. 

Among the teats for lead salts the following are the most im- 
portant: 

1°. Hydrogen sulphide precipitates from neutral, slightly acid or 
alkaline solutions black lead sulphide, f bS. In presence of much free 
hydroohlorio acid lead chloro- sulphide, a red compound, is first thrown 
down. Excess of H,8 finally decomposes this. The precipitate dis- 
solves in dilute hot nitric acid as lead nitrate; by the strong acid it is 
oxidized to lead sulphate. 

2°. Sulphuric acid precipitates white lead sulphate, PbSO,. from 
solutions of lead salts. The precipitate is but slightly soluble in dilute 
acids; in strong nitric, sniphuric and hydrochloric acids it may be dis- 
solved by boiling. It is soluble in solutions of several ammonium salts, 
but dilute sulphuric acid repreoipitates it. The solubility in water may 
be further lessened by addition of alcohol. 

3°. Potassium chromate precipitates yellow lead chromate, PbCiOj, 
soluble in nitric acid. 

4°. Hydrochloric acid precipitates lead chloride, Fb01„ soluble in 
boiling water completely, and slightly soluble in cold. From the solu- 
tion in hot water the FbCl^ settles out on cooling in white glistening 
needles, very characteristic. 



Oiidefous) 

Oxide (onB,ic) 

Oxide (ic) 

Chloride 

Bromide 

Iodide - 

Sulphide 

Sulphate 

Nitrate |PI 

Chromate.^ 

CarbonalA (** whlu lead") . 

Acetate 

Acetate (baaic)- 



PbC— 
Pb,0,.. 
PbOj,- 
PbCL.. 
PbBr... 
Pbl,.... 



877.8 


74.10 


8«6.1 


66.40 


459.7 


44.93 


S88.5 


86.68 


802.B 


68.26 


330.5 


62.48 






778.6 


80.08 


378.6 


64.66 
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L>ead is used in evaporating pans for coacentrating sulphuric acid, 
in the lining of laboratory sinlra, in dishes for heating sulphuric acid 
and fluorspar tor etching purposes, and generally ia water and waBt« 
pipes in buildings. 



SILVEB. 

ABQENTTTU. 
Ag. 107.7. Sp. gr. 10.6. 

Found native and in various combinations, but chiefly as sulphide. 
Extracted by amalgamation, after preliminary conversion into chloride. 
Pure silver is prepared by reducing the chloride, by fusing it with dry 
sodium carbonate. It dissolves most readily in nitric acid. The fol- 
lowing tests serve to identify silver in its compounds: 

]". Hydrogen sulphide precipitates silver sulphide, Ag,S, from 
solutions of silver salts. The precipitate is black, is insoluble in dilute 
acids, but is decomposed by strong, hot nitric acid. 

2°. Potassium chromate precipitates from neutral solutions red 
silver chromate, Ag,CrO„ which is soluble in a large excess of the pre- 
cipitant and in ammonium hydrate. 

This is a delicate reaction. 

3°. Hydrochloric acid, or a soluble chloride, throws down tiom 
silver solulionB a whit«, curdy precipitate of silver chloride, AgCl, 
which is readily soluble in ammonium hydrate. It is also soluble in 
solutions of sodium thiosolphato, potassium cyanide, and, to some 
extent, in concentrated boiling hydrochloric acid and solutions of alkali 
chlorides. Exposed to the light it changes color, as may be illustrated 
by this experiment. 

A little chloride is precipitated, thrown on a filter and washed with 
water, the filter is opened out and the moist mass spread over it. It 
this is now exposed to bright sunlight it becomes violet immediately; 
in diffuse light more slowly. In time the color deepens to black. This 
change is probably due to the formation of new compounds containing 
less chlorine, as Ag,Clt, and upon this reducing action of light depends 
the ose of silver salts in photography. 

Silver is chiefly used as coin, for various vessels and utensils, for 
plating, in fine wire for surgeons' use, and in the laboratory for oruoi- 
bles and dishes in which alkalies ore fused, or strongly heated. 
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PBXPABATI0K8 OF BILTEB. 



Oxide (dub). 
OxidB(lc).-. 
C3iloride... 
Bromide..-. 

Iodide 

Cyanide — 
SoIpbldB... 
Sulphate... 
Nitrate .— 
Carbonate.. 



Ag,0 

i|i5*.:::::::::::: 
iff:::::::::::::: 

AgCy 

Ag^ 

Ag^aO, _-_,- 

AgNO, 

Ag,CO. 



231.4 
847.4 
148.1 
18TJ( 
284.8 
183.7 
347.4 
811.4 
160.7 
276.4 



87.07 
75.36 
67.44 
4.^.90 
80.65 



MEBCI7RY. 
HYDB&BOYBIJII. 

[QTnCKBILVBnj.] 

Hg. 200. Sp. gr. 13.590. 

Fonnd native, but chiofly as the sulphide, cinnabar. It is extracted 
from tliie ore by distillation. It is the only common metal liqnid at 
ordinary temperatures, and by this fact is readily recognized. 

An important characteristic of mercury is its property of alloying 
readily with many metals, vhich can be illustrated in this tray: 

Exp. 74. Clean a piece of copper, or a common cent, by rubbiog 
it with nitric acid and washing with water, and place on it a drop of 
mercury. This soon spreads over the whole EUrface, imparting to it a 
white color. By heating the copper the mercury volatilizes, leaving it a» 
before. Similar componnds are formed with silver, gold, cadmium, 
foisiquth and other metals, and are called amalgams. 

The following teets serve to show the presence of mercury in com- 
ponnds; 

1°. Dry eodiom carbonate heated vrith dry mercury compounds, in 
a glass tube, decomposes them, liberating the metal which collects in 
droplets on the cooler upper portion of the tiibe. 

Where the quantity is small it may be seen only after collecting it, 
by rubbing the tube with a platiuum wire or a piece of twisted filt«r 
paper. 

2°. A. piece of copper immersed in solutions of mercuric saltBr 
acidulated with hydrochloric acid, becomes covered with a white coat- 
ing, as explained abova 

3°. Hydrogen sulphide precipitates the mercury from solutions oon- 
taining it, as black sulphide, HgS, from mercuric salts, and HgS mixed 
with metallic mercury from mercoroos. 
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From BolntioDa of mercnric salts the hydrogen sulphide throws down 
first a white precipitate; on adding more of the reagent the color 
becomes reddish and .finally black. This change of color in due to the 
formation of precipitates containing mercario sulphide and the salt in 
solution. The latter being in excess at first gives its color to the mix- 
ture; as more sulphide is formed the black obscures the white, passing 
Uirongh the several shades observed, until the precipitate contains only 
HgS. This is insoluble in hydrochloric and nitric acids. The latter, 
by long boiling, converts it into a white compound, Hg(N0,)r2HgS, 
likewise insoluble. 

Aqua regia dissolves the HgS readily. 

4°. Stannons chloride added to a solution of mercuric chloride pro- 
duces a precipitate of mercurous chloride, Hg,CI„ which is white. An 
exceHS of the reagent produces a gray precipitate from t^e separation 
of some metallic mercury, in a very fine condition, by farther reduc- 
tion. These equations show this: 

SnCl,-|- 2HgCl,= SnCl,-f Hg,CV 

SnClj-|-Hg,Cl,= SnCl,+Hg^ 

6". Hydrochloric acid precipitates white mercuious chloride, Hg,Cl, 

trom solutions of mercurous salts. This precipitate is not' soluble in 

<U)ute acids. It is converted by ammonia water into a black compound, 

HgjClNH.- 

Mercury is used for filling therinometers and barometers, in the 
extraction of gold and silver by amalgamation, in alloys used by den- 
tists, and in the direct preparation of several pharmaceutical compounds. 



FHBPAS^TIOMS 




86.30 
80.H 
67.06 
83.41 
71.48 
42.7S 
86.95 
88.10 
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BISMUTH. 

BISHUTHITH. 
Bi. 207.5. Sp. gr. 9.8. 

Bismuth occurs chiefly native, mixed with various gangues. From 
these it is separated by melting. 

In pure form it is easily recognized by its brittieness and peculiar 
grayish color with reddish reflexions. 

In its compounds it may be recognized by these tests ; 

1°. Hydrogen sulphide precipitates bismuth compounds as black 
sulphide, Bi^S^ which is not soluble in dilute acids or alkalies. It is 
decomposed by strong, hot nitric acid. 

'£'. Water gives white precipitates with acid solutions of most bis- 
muth salts. Bismuth trichloride in hydrochloric acid is precipitated 
according to this equation: 

Bi01,-|-H,0:- BiOCl -1-2HC1. 

This is a very characteristic test. 

3°. Ammonium hydrate produces in solutions of bismuth salts a 
precipitate of bismuth hydrate, BiOOH, insoluble in excess of the 
reagent 

Bismuth is used in several alloys. It lowers the fusing point and 
imparts hardness. 

It is used also in the direct preparation of several of its salts. 



Oiide 

Cblorlde 

Oxy chloride 

Nitrate 

Subnitrato 

Sniphide 

Sabcarbonate 

Citrate 

— ammon. citrate , 



Bi,0, -'-. 468 

BiCU. 818.7 

BiOCl 258.0 

Bi(NO,V6H,0 1 488.5 

BiONO,.H,0 803.5 



.:i 



511 
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CADHUJH. 

Cd. 112. Sp. gr. 8.6. 

Occore roost abundantly as sulphide. The metal ia obtained by 
ocHiTerting t>h« sulphide into oxide by heat, and then reducing this -with 
ooal or charcoal. 

It reeembles lead in many respects, and enters into the compoeiiiion 
of several alloys. 

In compoonds its presence may be shown by the following teats: 

1°. Hydrogen sulphide throws down bright yellow cadmium snl- 
phide, CdS, from neiitral, acid or alkaline solutions. This will not 
dissolve in solution of potaaaimn cyanide, bat will in dilute s\ilphuric 
acid. (Differs by this behavior £rom copper sulphide.) 

2°. Ammonium hydrate precipitates cadmium hydrate, Cd(OH)„ 
bom solutions, but this dissolves in excess to a colorless liquid. The 
tiame precipitate is produced by sodium hydrate, but an excess will not 



it. 



PBKPAItATIOMS 



Oxide -„ 
Caiorlde, 
Bromide. 
Iodide... 
Sulphide 
Sulphate 
Kitrate... 



1 llolecolsr I Pet ct 



CdO 

CdCl,.aH,0 .... 
CdBr,.4H,0 .... 

CdL 

CdS 

3(Cd80A8HjO -. 
Cd(NO,\.4HjO .. 



87.5 
51.18 
82.90 
80.68 

77.n 

43.74 
86.86 
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CHAPTER VIII. 



ABSENIC. 

ABSSHUM. 

Sp. gr. 4.7 to 5.7. 
ostiye, and combined as aalphide. The "arseaic" 
I oxide, As,0„ which is formed as a by-prodact ia 
d,\ operations. To show the ready reduction of this 
iiy the following e]^)erimeQt: 




ittle of the powder is placed in the bottom of a hard 
ive it some small fragments of charcoal. The tube 
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sbould be slightly narrowed, bo as to bold the latter a short distance 

abovfi the arsenona oxide. Now heat the tube; the oxide volatilizes and 

comes in contact with the hot charcoal, which decomposes it in this way : 

2As,0,+3C, = Afl,+6C0. 

For the complete success of this experiment the charcoal should be 
freshly burnt, and should be hot before the oxide commences to volatil ■ 
ize. The pure ai'senic is deposited as a dark metallic ring above the 
charcoal Arsenites, and other compounds heated in a bulb tube with 
a mixture of equal parts of dry sodium carbonate and potassium cyanide, 
are reduced, giving a black ring. (See Fig. 19.) 

Arsenic compounds are recc^;nized by these tests; 

1°. The white oxide, the most usual form in which it appears in 
commerce, is but slightly soluble in cold water. It is more soluble in 
hot water, and can be readily dissolved by hydrochloric acid, and by 
solutions of sodium and potassium hydrates. 

2°. Hydrogen sulphide precipitates acid solutions of arsenous 
compounds, as arsenous sulphide, AsjSr Neutral and alkaline solu- 
tions are not precipitated. 

Solutions of arsenic compounds are first reduced to arsenous, with 
separation of sulphur, and then precipitated as before. The yellow 
precipitate is soluble in solution of alkalies and alkaline sulphides. In 
the latter case aulpharsenifes are formed, as Na^AsS^. 

3°. Silver nitrate produces in solutions of normal arsenites a yel' 
low precipitate of silver arsenite, Ag^AsO^ In a water solution of 
arsenous oxide this precipitate is formed after the addition of a few 
drops of ammonium hydrate. It is soluble in an excess of the latter, 
in nitric acid, ahd in ammonium nitrate solution. Under similar cir- 
cumstances silver nitrate produces in solutions of arsenic compounds 
(arsenates) a brick red precipitate of silver arsenate, AgjAsOj. The 
properties of this precipitate are quite similar to those of the arsenite. 
The eolation of the latter in ammonia, boiled, deposits silver, while 
that of the arsenate does not. 

4°. A piece of bright copper wire or foil heated with a solution of 
arsenous oxide in hydrochloric acid becomes coated with a gmy metallic 
lilm of copper arsenide. When heated with ammonium hydrate solu- 
tion ibis film peels off. To obtain the him from solutions of arsenic 
oxide it is necessary to add a much larger excess of strong hydrochloric 
add 

This is known as Beinsob's test, but it must be used with caution, 
as several other metals treated in this way give similar films. 

5°. A small amount of copper sulphate solution added to a solution 
of arsenous oxide, in an excess of sodium or potassium hydrate, pro 
daces a blue fluid, and throws down, on boiling, a bright red precipitate 
of oc^tper suboxide, GujO. This test is valuable to distinguish between 
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arsenons and arsenie oxidaB, but oannot be accepted 03 a final one in 
teetiiig a body of unknown origin, as many organic substances have the 
Bame reducing action on copper sulphate in strong alkaline solution 
To make the experiment a success the alkali must be in lai^e excess. 

R°. Nascent hydrogen acts on all ai^enio compounds, reducing 
them and libersticig aisenetted hydrogen, AsH,. To detect arsenic by 
this method tit a flask of about !^00 Cc. capacity with a funnel tnbe and 
delivery tube, aad to the latter attach a drying tube of the usual form, 
containing calcium chloride. To this is attached a tube of hard glass, 
having on internal diameter of alwut 8 Mm., drawn to a point, as shown 
in the cut below. 




Place in the flask some fragments of pure zinc and about 100 Co. 
of pure dilute sulphuric acid (1 to 5). Hydrogen is liberated; when 
thin has completely expelled tlie air light it at the end of the hard glass 
tube. 

Now pour the neutral or acid solution containing arsenic through 
the funnel tube, a very little at a time. AsH, is prodnced according to 
this equation : 

6H5+A9,0, = 2AsH,+3H,0. 

It escapes with the excess of hydrogen, aad bums with a bluish 
white fame, somewhat charaoteriBtic. If a piece of cold porcelain is 
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held DOW in the flame it lovers the t^nperature and limits the supply 
<rf air, 80 that the areemc cannot bum to oxide but is deposited in the 
free state as a black metallic spot 

Th(>se spots are readily TolatJle, and they dissolTe in a solntion of 
aodinm hypochlorite. 

If the heat of a Bunseo bmrter is applied to the tube (as shown by 
the cut), decomposition takes place there, and a stain is found in the 
tube, at some distance beyond the hot part. 

If the arseoio is presant in small amonnt only, no stain can !)& 
obtained on the porcelain as long as heat is applied to the tube. 

This test was first proposed by Marsh, and is one of the best known 
tor the detection of very minute quantities of arsenic. 

In important cases it is necessary to test the escaping gas thor- 
oughly by the methods just given, before adding the solution under 
investigation. It is also necessary to distinguish between arsenic and 
antimony, as will be explained bolow. 

PRXPABATIONS c 



Oildefous) 

Oxide (Ic) - 

Chloride 

Iodide 

Bulphide (reRJgar) 
8ulpUde((ras).-.. 
Solphide (Ic) 



Foimnlit. 

AiijO, 

ASjO, 

AflCI, 

AbI, 

ASjS, 

Aa,8, 

A«,8, I 







Wsigbt. 


Anwnlft 


198 


75.75 


880 


65.21 


181.3 


4s.se 


454.H 


16.49 


2U 


70.00 


MS 


aasT 


810 


48.8i) 



ANTIHONY. 



ANTIHONIUH. 



[8TIBIDH.] 

Sb. 120. Sp. gr. 6.7. 

Occurs usually as dark gray sulphide, 8biS„ st^nite. The metal is 
obtained by heating this with iron, or by oxidizing it by roasting and 
then reducing with charcoal. It is exceedingly brittle, crystalline, and 
has a characteristic gray color. 

The metal is converted by strong nitric acid into an insoluble oxide, 
white. 

Hydrochloric acid does not attack it, but it dissolves readUy in aqua 
regia. 

Exp. 76. Ijet the student boil about half a Om. of the fine 
powder in aqua regta contained in a small flask, replacing from time to 
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time the acid lost by eyaporation. When eolntion ia complete the 
liqiud ehonld be transferred to an eyaporating dish and concentrated 
\intil a thick symp remains. This consists chiefly of the chloride, 
SbCl„ called butter of antimotty. 

By pouring this into water a white precipitate of the oxychloride is 
thrown down. 

SbCl,+H,0=SbOCH-2HCl. 

The chief analytical teste are these: 

1°. Hydrogen sulphide precipitates orange red antitDODioos sol- 
phide from acid eolations of antimonioas compounds. Alkaline or 
□entral solutions are only partially thrown down. 

The precipitate is soluble in a eolation of potassium hydrate or of 
an alkaline sulphide. In the latter case a snlphautimoDste is formed, as 
<NH,),SbS,. 

Antimonic compounds are precipitated as orange red antimonio 
sulphide, S\S„ by hydrogen sulphide 

2°. Compounds of anjdmony treated in the Marsh apparatus, as 
described under arsenic, yield antiimmetted hydrogen, SbH,, which in . 
many pointe ia similar to the corresponding arsenic oomponnd A, q H,. 

These points of difference may be noted. 

(a) The imperfect combustion of the SbH, prodnces a stain on 
porcelain, which is blacker than the arsenic stain and bat slightly 
lustrous. 

(b) Thie stain is not soluble in a hypochlorite solution (or partially 
soluble after a long contact). 

(c) The antimony stain is less volatile tiian that from arsenic, (d) 
If the stain be produced in the tube it is immediately above or on both 
sides of the flame in the case of antimony, and beyond it in the case of 
arsenic, (e) If the gases are led through a wide tube containing EOH 
in small pieces the AsH, would pass unchanged, and could be recog- 
nized by its stain, while the SbH, would be decomposed with precipi- 
tation of the metal ou the KOH. 

Z°. Metallic zinc decomposes solutions of antimony compounds tree 
from nitric acid, precipitating the metal as a black mass. If the ex- 
periment ia tried in platinum, or if a piece of platinum foil is dropped 
into the glass vessel containing the zinc and antimony solution and some 
hydrochloric acid added, the platinum becomes covered with a blaok 
deposit of metallic antimony. The stain is removed reaiily by nitric 
acid. 
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OxIdefouB) 

Oxide he) 

Cblorlde (one) 

OxTcbloride 

Chloride (ic) 

Sulphide (ons) 

Sa]phlde(Ic} 

— potass, tartrate. 



7S,00 
53.05 
70.01 
40.40 
71.43 
60.00 
80.14 



STANITDH. 
Sn. 117.7 Sp. gr. 7.S. 

Ooonrs ueaallj as oxide or " tiufitone," SnOj. After a prelimiaaiy 
pnrificatioQ the ore is rednoed with charcoal. 

2SiiOj+2C, = Sd,+4C0. 

Exp. 77. To illostrate the reduction a ver^ small amonnt of the 
artificial oxide can be mixed with like amotmts of dry sodiom carbonate 
and potaesinm cyanide, and heated strongly with the redncing flame of 
the blow-pipe. In a few minntes small globules of metallic tin can be 
seen in the fused mass. The potassium cyanide here acts as the reduc- 
ing agent, becoming converted into cyanate. 

Pure tin can generally be recognized by its physical properties. 
Nitric acid converte it into metastannic acid, Sd,Hj,0„, which heated, 
leaves the dioxide, SnO^ 

Tin is soluble in hydrochloric acid forming stannous chloride, and 
in aqua regia forming stannic chloride 

The chief analytioal tests for tin compounds are these: 

1°. Hydrc^en sulphide in excess precipitates from acid or neutral 
solatioQS of etaimoas compounds, brown staonons sulphide, SqS, and 
from solutions of stannic salts, light yeUow stannic sulphide, SnS,. 
Alkaline solutions yield no precipitates. 

These precipitates are soluble in potassium or sodium hydrate and 
in yellow ammonium sulphide. 

2°. Mercuric chloride ia reduced by solutions of stannous chloride 
to insolable mercurous chloride, Hg,C1^ If the stannous chloride is in 
large excess metallic mercnry will be thrown down. 

3°. Metallic zinc, placed in solutions of tin compounds containing 
hydroehI(»rio acid, precipitates the tin in the metallic form as a black 
spongy mass. It the experiment is tried iu platinum the latter is noli 
colored, as is the case with antimony. 
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Tin is uaed in several alloj^, as a coating for sheet-iron in so-called 
"tjnplate" or "tinware," as coating for copper instills and boilers, 
which are thereby rendered less liable to corrosion; in "block lin" 
tubing intended to convey mineral waters or other liquids nsed for 
drinking, and elsewhere in a similar manner because of its insolubility 
in most substances with which it could come in contact It is also 
used in the direct preparation of many tin compounds. 

PBEPABATIOHS OF TIK. 



Oxide (ouBj ...-■ 

Oitideiic) 

Chloride ions) 

Chloride (ic, lumiag). 

Sulphide (oufl) 

Sulphide (Ic) 



8dO, 

SnCL3H,0. 
SnCl, 




GOLD. 

AUBUM. 
Ail 190.2. Sp. gr. 19.38. 

Gold occurs usually in the free state mixed with gangue, from 
which it is extracted by amalgamation. 

The peculiar yellow color, and density are charaoteristic of the metaL 
It is insoluble in nitric or hydrochloric acid, but dissolves in aqua 
regia. The compounds may be tested in this way: 

1°. Oold solutions containing a little hydrochloric acid, not nitric, 
are reduced by solution of ferrous sulphate, the gdd precipitating as a 
fine brown powder, which remains for a time suspended, imparting a 
dark blue color to the liquid 

2°. Stannous chloride solution containing a little stannic chloride 
throws down from gold solutions a fine purple precipitate, known as 
the purpk of Cassius. This is an exceedingly delicate reaction. 



PREPABATIONS OF OOLD. 



I Hol«cnl«r Per cent of 



Oilde ___ Au/>,- - 440.4 89.10 

Chloride (Ic) AuCI, _, 1 303.4 i 64.88 

— sodium chloride AuCl,.NaCUH,0 i S96.8 i 40.44 

Cyanlde(oua) AuCy 232.8 i 88.8» 
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Betiidee its well known uses for coin, jewelrj' iind plate, gold is 
«mpIoyod in fino powder and foil by dentists, as wire by surgeons, and 
occasionally it is used by cbemiets in crucibles for Bi>ecial purposes. 

Fine weights and other implements of research are frtHjnently 
plated with gold. 



PLATINUM. 
Pt 194.a Sp. gr. 21.5. 

Flatinom occurs, alloyed with several other rare metals, in the free 
8tat«, and is separated and purified by rather complicated processes. 
It is a white metal, insoluble in nitric or hydrochloric acid, but is Rlowly 
soluble in eujua regia. The following test is characterintic of plat- 

861utious of potassium and ammonium chlorides precipitate platinic 
bolutions containing a little hydrochloric acid, as yellow double chloride 
of potassium and platinum, or ammonium and platinum, Pt01,.2KCl 
or PtCl,.2NH,Cl. By collecting and igniting the precipitates the 6ifft 
leaves spongy platinum and KCl, the second spongy jtlatinum alone. 

Metallic platinum is used in coin (Bussia), in weights and iuRtni- 
ments of precision, and in foil, wire, dishes, funnels, cirucibles, etc., for 
laboratory piyposeh. 

It is not safe to heat it in contact with compounds of the heavy 
metals, as gold, silver or lead, as these substances form with platinum 
easily fusible alloys. Solutions containing atiua regia, or which liber- 
ate chlorine, cannot be evaporated in platinum dishes. 

SubKtances containing free carbon (or excess of organic carbon) and 
phodphates must be ignited with great care in plahinum dishes, as there 
is danger of liberation of free phosphorus, which combines quickly 
with platinum. When allowable, ammonium nitrate may be added 
before beginning the ignition of such mixtureri. 

Fixed alkalies must not be fused in platinum. 

' PLATINUM. 



57.90 
40.15 
84.71 
27.78 



Chloride 

— poUw. cbloHde. 

— sodium chloride. 
Iodide 



PtCl* I 336.4 

PtCI,.8KCl 485,3 

PtCI,.3NaC1.8H,0 M1.2 

"" ' 701.3 



prta»'cyiaideI^"!!^"^""iPt(^aKC^.8HJ0"V.'""."J 449.'« 
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nOLYBDENITHL 

HOLYBDJEITUU. 
Mo. 96. Sp. gr. 8.0. 

This 13 a rare metal, occarritig iisually as eulpliide. It ia obtaiDed 
by redacing the oxide iu a current of hydrogen. 

It {onus molybdat^ of which aeveral have uses in analytical chem- 
istry. 

These are recognized as follows: 

1°. X solution of a molybdate containing a little hydrochloric acid 
changes color on addition of metallic zinc It becomes at first blae, 
then green, and finally browiL 

2°. Hydrogen snlphide tarns an acid solution blue; when added in 
excess it precipitates brown molybdenum sulphide, MoS^ 

3°. Solution of a phosphate added to an excess of solution of 
ammonium molybdate containing nitric acid, produces a yellow crystal- 
line precipitate of ammonium phospho-molybdate, the composition of 
which is somewhat variable. 



TUNGSTEN. 

WOLFBAKIUU. 
W. lai. Sp.gr. 19.13. 

Tungsten occxu« usually as tungstate of iron, manganese, calcium 
or lead • 

The metal can be obtained by reduction of the oxide by means of 
hydrogen. 

Many compounds' are known in which tungsten plays the part of 
an acid. Sodium tungstate is the most important of these. The tung- 
sten salts are not important. 

Tests for tungstates: 

1°. Metallic zinc produces in a solution of a tungstat«, containing 
hydrochloric acid, a characteristic deep blue color. 

2°. Ammonium sulphide added to a solution of an alkali tungstate 
produces no precipitate. If hydrochloric acid is added, brown tungstic 
sulphide, \VS„ is thrown down. 

3°. Potassium ferrocyanide produces a red color in an acidified 
solution of a tungstate. 
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INORGANIC PREPARATIONS. 



CHAPTER IX. 



AQUA. 

H,0 = 18. 

Tbe Phftrmooopceia of the United States definee "aqoa" as "natn- 
tal wator ia its pnreet attainable state." It must be colorless, dear, 
inodorous, and tasteless. Shonid not oont&in more than a few grains 
of fixed impnrities in one wine-galloD; and not more than txacea of 
organic matter. 

Spring water nenally contains inoi^anic salts, oonfiisting uhiefiy 
of the chlorides, sulphates and carbonates of calcium, magnesium, etc 
Such water is called hard water, beoaose when used with soap it pro- 
duces insoluble compounds, which cause a senee of harshness. Hard 
water can be rendered less so by boiling it, because the calcium and 
magtiesium carbonates, which are h^d in solution by the carbonic acid 
present, deposit as soon as that acid is expelled by the heat. Spring 
water is generally unfit for pharmaceutical nses on account of the 
mineral impurities it contains. 

Wdll water often contains organic matter derired from sewage, 
etc, especially in thickly inhabited places, and mnst not be used unless 
careful examination shows it to be sofSoiently pnra Water contami- 
. nated with organic sabstances contains ammonia. The presence of 
organic matter in sufficient quantity to impart odor to the water should 
at once condemn it. Where pure water is not obtainable for ordinary 
porpOBes, small quantities of cnganio impurities may be partiaQy 
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removed by adding a little alum; the ammoDia and carbonates preset^ 
cause tbe precipitation of aluminiam hydrate, wbioh, as it settles, carries 
other impurities with it 

Bain water is pure if collected in clean vessels as it descends 
from the clouds after the rain has continued long enough to purify the 
atmosphere from dust, etc Falling off roofs and collected from the 
conduits in the usual way it is rarely pure. 

Ice, when melted, affords a comparatively pure water. 

River and lake water, containing usually but small amounts 
of calcium and magnesium salts, is called soft water, and is frequently 
pure enough for most purposes; it may, however, contain both oi^nic 
and inoi^anic impurities. 

tTses. — Water is indispensable in medicine, pharmacy, chemLstry, 
as well as in the household economy. It is the best solvent and diluent 
we have, being abundant, and capable of dissolving n great variety of 
substances. It is, moreover, chemically indifferent or neutral to most 
substances, and hence affords a means of reducing water-soluble sub- 
stances to a liquid condition without otherwise altering their properties, 
and can be freely used to facilitate many chemical reactions. 

Testa.— The rnddue left on evaporalton of one liter of the water should 
be less than 0.10 Om. 

Mix 100 C.C. of the water with 10 C.c. of diluted sulphuric acid; heatto boiling: 
then add eiioueh Bolulion of permanganate of potassium (I part to lOOO parts of 
distilled water) to ^ve to the mixture a diBtlnct rose-red color ; then boll for Ave 
mtDutes. The color will not be entirely destroyed bjthls treatment unless more 
than traces of organic matter be present. 



DISTILLED WATER. 

AQDA OBSTn>I>ATA. 

"Water, a convenient quantity. 

Pat the water into a suitable still of copper or tinned iron, the still 
to be about two-thirds filled. Connect it with a suitable condenser, 
and distil. The first portion that passes over is to be rejected, being 
containinated with impurities taken up in its passage through the appa- 
ratus, and containing also any carbonic acid or other volatile substances 
which may have been present in the water. When only about one-fifth 
or one-sixth of the water remains in the still, the process is to be arrested 
in order to prevent possible contamination with products of decompo- 
sition of organic substances by overheating. 

Pl^jertiea.— Colorless, clear, inodorous, tasieless. BoilaatlOO°C.(212<' P.); 
freezes at 0° C. (82" P.); aMumesits maximum density at-|-4° C. (W.3 P.). Specific 
gravlty= 1 »t+4° C (W.2 F.). 
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Testa.— Should yield no realdae on evaparadon. In applying the permaii- 
ganate test described, above to dletitled water, the loee-red tint sEonld not only 
remain aft«r five mlnutas' boillag, but should not lie entirely destroyed, even after 
ten hours' Btandlng la a covered vessel subsequent to the boiling. 

The foUoiring additioiial tests are prescribed: 

It should not be aflected by test Bolutlans of chloride of barium (sQlphate), 
nitrate of silver (ohlorideX oxalate of ammonlDin (calcium), or mercuric chloride, 
ivith or without ue subsequent addition of carbonate of potassium (ammonia and 
ammonlnm salts. 



ACIDS. 

ACEDA. 

Acids may be termed the salts of hydrogen. Thas, hydrochloric 
add is hydrogen chloride; nitric acid is hydrogen nitrate, etc., in which 
the hydrogen is replaceable by a positive element or group, as by a 
metal. 

The common acids ore sour to the taste, turn bine litmus red, and 
are neutralized by bases, torming salts. Distinction is commonly made 
between "hydracids," which contain no oxygen, and "oiyBcids," which 
contain oxygen. 

The acids are extensivdy used in the preparation of other com- 
pounds. In the employment of acids for snob purposes care should be 
taken to see that they are of the proper i^trength and purity- -matters 
which are too often neglected 

The stronger acids being highly corrosive, must be handled with 
special caution. Large vessels, as carboys, containing acids, must be 
kept in a place where their accidental breakage will not cause seriona 
damage. Special carboy stands as well as trunnions are therefore 
«mployed in laboratories where large quantities of acids are consumed. 

When the quantities used are not too great, the most convenient and 
safe packages are the common "half-galloQ acid bottles," with well 
ground glass stoppers. The removal of the glass stopper when it has 
become fast in the neck of an acid bottle is always attended with the 
risk of breakage and other more serious consequences. A caution to 
proceed deliberately is therefore always in order. Gently tapping the 
stopper with a wooden block or handle, warming the neck of the bottle 
with a cloth dipped in hot water, or by cautiously turning it over the 
flame of a spirit lamp or Bnosen burner, and inverting the bottle in a 
vessel containing enough warm water to cover the neck well, are among 
the best means of loosening the stopper snfSciently to render the 
application of the stopper wrench successful. When the stopper is 
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being r^noTed, the face Bhonld be tamed away from the bottle, 
eepecioUy if the latter is warm, because there may possibly be a rush of 
vapor from it. 

The respective strengths of the official acids of different countries 
unfortunately vary greatly. This fact ie to be taken into consideration 
in using worldng formube of foreign source 

In the British Pharmaeopceia the acids in common with all other 
liquids are prescribed by measure; in all other pharmacopoeias they are 
prescribed by weight 

Manufacturers in this conntry generally indicate the strength of 
acids in degrees Beanme. In other cases they do not specify the 
strength at all, as for instance in the case of " Na 8 " acetic acid. If 
pharmacists wotdd insist that all packages containing acids should 
bear labels indicating the specific gravity (not the degrees Beauni6) and 
the percentage of absolute acid claimed for the contents, and if they 
would refuse to accept any package not so labeled, the resnlte could not 
but be beneficial to all parties concerned, as well as to the art. In 
ordering acids it is safest to specify the strength in per cent of absolute 
add. 



CHAPTER X. 



OXIDES AND HYDRATES. 

Chromic anhydride and arsenous anhydride are the only acid-form- 
ing oxides here described. 

The basic oxides of calcium, magnesium, zinc, iron, copper, mercury, 
silver, bismuth and antimony, are all insoluble in water. They are 
prepared by calcining the carbonates, by oxidizing the metals, or by 
precipitation of soluble salts by means of alkali hydrates. 
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CHBOMIC ANEYDBIDK 

ACISnM CHBOMICUU. 

[CHBOUIO AGED.) 

CrO,= 100. 

Potassium bichromate 30 Gm. 

Solphniio acid 57 C.c 

Distill^ vater, enfficient. 

Dissolve the potassium bichromate in a mixture of 42 C.c of the 
acid, and 50 C.c of water. Set aside for twelve boors, and decant the 
liquor from the ciystals of acid potassium snlpbate. Heat the liqtiid 
to about 85° C, {185° F.), and add the remainder of the sulphuric acid, 
and water snfScient to just redissolve any crystals of chromic acid that 
may. have been formed. Allow to cool, collect and drain the crystals, - 
and dry Uiem on poroas tiles at a temperature not exceediog 40° C 
(101° F.), in an air bath. From the mother liquor more crystals may be 
obtained by evaporation. 

Bewtion.— K,Cr,Orl-2H^,=8CrO,+aKHSO,-|"H,0. 

ITotes. — The presence of a little aulphnric acid ftdberlng to the crystalB 
casDot be objected to, but the preparation should not cont^n over 6 per cent 
Ahhoagb always moist, It ahoold not be wet 

Chromic acid ahonld be pieaerred ia glau stoppered vIbIb. 

Desoriptdon. — iHne red, needle-shaped ciystolB, which are very dellqnea- 
cent They have a strongly corrosive action on organic matter, and decompose 
nicb BubstaDces aa alcohol, sugar or glycerin with ezplosive violence. 

Tests. — Sulphuric acid sbonld be nearly absent Prove this by dissolving 
• Gm. or two In cold water, with addition of a little HCl, and adding solution M 
B«CV Not more than a alight turbidity ehould appear. 



ABSENOUS ANKYDBIDE. 

ACTDTTH ARSESOSITIIC. 

[ABSMHIOTTS AOTD.] 

Ab,0,= 198. 

A heavy, white solid, occurring either as an opaque powder, or in 
transpsrent or semi-transparent masses, which nsnally have a striated 
appearance ; peimanent in the air, odorless and tasteless, and having a 
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faintly acid reaction, Solable in 30 to 80 parts 'of water at 15° C. 
(59° F.), the solubility varying with its physical condition. 

It dissolves slowly in about 15 parts of boiling water, and is readily 
soluble in hydrochloric acid, and alkaline solutions, forming, with the 
latter, arsenitea usually of the type KJTAsO^ on which basis the 
figures in the table below are calculated 

Recently sublimed arsenous oxide is traneparent, having the appear- 
ance of glass; but by keeping it becomes opaque, this change begiuning 
at the surface and gradually extending toward the center of the maas 
until the whole is opaque like porcelain. 

A solution of opaque arsenous oxide made with boiling water con- 
tains over 10 per cent., but on cooling only 2.9 per cent, of the arsenic 
remains in the solution. 

Its solution in glycerin undergoes some chemical change not yet 
fully explained. 

Arsenous oxide may be reduced to fine powder by sufficient tritura- 
tion in a wedgewood mortar, keeping the contents moist with alcohol to 
prevent the poisonous dust from rising. 

Tests.^See the method under Volumetric Analysla, hy use of iodine solution. 
The oxide la dlseolved In water to which Bome sodium biCBrbonate hea been 
Added. The titration Is then performed in the ueual way. 

CompOSltioiL — AraenouB oxide, etToneouBly called &rsenoUB add, ie com- 
posed of 75.78 per cent Aa and 24.24 per cent O. When dissolved In water It 
yields true araenous acid, as foUowa: Ab3O,+8H,0=2H^O,. The molecular 
wei^t of araenous add Is 12S, and 100 parts of arseoons oxide yield 127.8 parts 
of anenouB acid. 

Satoratiiig power. — 100 parts of araenoua oxide will form anenltes with 
the alkalies, requiring of each the following amounts: 

Potassium carbonate 139.39 parts 1 ■n-i.i.ii.,™ oixa nt ...». «» -^ 

Potsaalnm bicarbonate, 202.00 paHa ^'*'*Si?^^S- '^ 

Solution of polsssa (5 per oentX 2263.6 parts., J tassium areemie. 



Tieldhig 171.71 putsof Bodi- 



Sodium carbonate 107.07 parts 

Sodium bii-Atbonate 160.69 parts 

Solution of soda (5 per cent), 1616 parU J ""■ "»""'«■ 

Ammonia water (10 per cent), 84S.48 parts ... \ Yielding 101.61 parts of ai 

Ammonium carbonate, 96.60 parts J monlum arsenite. 



CAIiCIlTH OXIDE. 
CAX.CII OXIDTTU. 

[qaijX. LncB.i 
CaO^ 56. 
Fill a Hessian crucible with fragments of marble, and heat etrouf^ly 
in a furnace until the carbon dioxide is expelled. 
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Notes-— Oood lime, conBlstioe of calciom oxide free from carbooate^ Is not 
eudly to be found in commerce. Thatmade in lime kilns TarieBgieatlyinqualit; 
•ud purity. For chemical and pharmaceutical purposcB a good white lime, free 
from other earth metals as well as from calcium carbonate, ia required. The aeaaj 
procesaee for opium and cinchona call for its uee. When good pieces coonot be 
selected from commercial qulck-ltme. It may be made without difficulty by cal- 
cining marble as suggested. 

DeBOriptiou.— When made from Ume-stone it has naually a gray tinge, but 
when marble U employed it shoold be pore white. 

Tests. — The pieces should slake immediately when cold waterls poured over 
them, ana the slaked lime so obtained should disstdve completely in hydroch lode 
acid. This solution should not show more than slight turbidity when neutralked 
with ammonia water or when precipitated by barium chloride solution. 

The solution In hydrochloric acid when neutralized by ammonia should be 
eompletely precipitated by solution of ammonium carbonate, which can be shown 
by filtering, evaportingthe filtrate to dryness and stnngly Igniting, Kot more 
than a trace of residue should be left 



LIGHT UAONESIUH OXIDE. 
UAGNESII OXIDUU I.SVB. 

lUAatmalA. LSVIB. UQHT ICAONBBtA.] 

MgO=40. 

Light magnesium carbonate, any convenient qnantitj. 

Bnbttie magnesium carbonate tbrongh a No. 60 sieve; then beat 
it in a capacious unglazed earthenware dish with constant stirring, on 
a sand-bath, nntil a sample removed from the center, cooled, mixed with 
a little water, and then dropped into diluted sulphuric acid, gives but a 
very alight eServescence. 

One Gm. of the product, thoroughly mixed with lo C.c of water in 
a beaker, after standing one hour, forms a gelatinous mass sufiBciently 
firm to remain in the beaker when the latter is inverted. Keep it in a 
tightly corked bottle. 

Beaotioa.— 4(MgC0,).Mg(0 H V6H,0 =5MgO-|-4CO,-|-6H,0. 

ITotee. — If heated until all traces of carbon dioxide have been expelled, 
the product does not become hydrated and form a gelatinous mass when mixed 
frith water. Conslderableeffervescence with acldsshould, however, not be allowed. 
"When the process of calcination is not coutlniied Hufnci(>atly long an aobydrous 
basic carbonate is formed which gulstinizes nith water but does not reti^n thl^ 
property. 

Light magnetia must be kept In small bottles Ughtly corked, the corks to be 
dipped in melted paraffin to effectually exclude au. The preparation rapidly 
takes up carbonic acid unless thoroughly protected. 

Deaoription. — A white very fine light powder, nearly 'insoluble in water 
And qnite insoluble in alcohol. 
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Testa.— Should effeiresce but veiy alightl; when lolied with water and then 
treated with dilate acid. 

A solution lu nitric acid Should be clear and aboold rive no precipitate with 
barinm nitrate or silver solutioii, showing absence of sulphates and chlorides. A. 
eolu^on in hydrochloric acid treated with an excess of ammonium chloride, then 
made alkaline with ammonium hydrate, and flaally treated with ammonium car- 
bonate, should remain clear, showing absence of compounds of iron, aluminium 
and calcium. 



Utrtc acid (lix> per cent. H.u.H.Uj.tiiO), BW pam 
Tartaric acid (100 per cent. H,C,H,0^ 8T5 parts. 

HEAVY 9CAGNESIU1II OXIDE. - 

UAQirBSZI OXIDUU POItDBBOSTriC. 

[M AOaVSIA. FONDSROSA. KBAVT HAaHBalA.] 

M«O=40. 

Heavy magneeixiiu oarboaate, any dasired qaimmy. 

Put it in a Cornish or Hessian crucible closed loosely by a cover 
and expose it to a low red heat until a small quantity, taken from the 
center of the crucible, cooled, mixed with a little water, and dropped 
into diluted sulphuric acid, causes no efferveeoenoe. 
■ Beaotton.— l{MgCO,).Mg(OHV6H,0=6MgO-|-«CO,+6H,0. 

Desoriptioii. — A white powder differing from the preceding chiefly in den- 
si^. Ab the heavy magnesia does not form a gelatinous mass wltii water, the 
omclal description is In that respect eironeons. 

Testa.— As for light magnesia. 



ZmC OXIDE. 

znrci oxmuH. 

ZnO=80.9. 

Precipitated zinc carbonate, any desired quantity. 

Heat it at a low red heat until t^e water and carbonic oxide aro 
wholly expelled 

Beaotion— 2<ZnCO,).3Zn(OH>,=6ZnO+2CO,+3H;0. 

Zinc oxide is also made by heating the metal in free access of air. 
This iH now the principal method employ*^ on a lar^ scale, and yields 
a good product The zinc oxide thus obtained by oxidation and subli- 
mation is sometimes called "flowers of zinc." 
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ITotes.— A pure white zinc oslde Is required for pbannaceatlcal purposes, 
and hence tbe preclphated carbonate used for its praparatioa tniiBt also be pure. 
The carbonic oxide and water are easllj expelled (already at 250° C). Too high 
heat gives the product a yellow color, which It retwns for a long time, whitening 
KBin only gradually by Uke induence of Buu-Iight. A too high heat also makee 
tbe product feel hvsh. Only a small quaatl^ should be calcined at one time. 

Deaoriptlon.~-A soft flahy impalpable powder havlog specific gravis of 5.6. 

Tests. Bhonld turn yellow when heated in a test tabe, and became white 
again OD cooling. It should be insoluble in water andcompletely soluble in dilute 
adds. The sointion in dilute nitric acid should give no test for chloride or sul- 
phates, while the solution In hydroctkloric acid should give do Indication of pres- 
ence of lead or Iron. 



FERRIC OXIDE. 

FBBBI OXIDTTH. 

[BBSQUIOXIDBI OV IBON.] 

Pa,O,= 160. 

Uay be obtuoed by Bimply igniting ferric hydrate, when a sbining 

dark brown granolar ferric oxide remains, wbich becomes reddish brown 

when powdered. 

*' Jewelers' Crocus " is a finely divided ferric oxide obtained by 
igintiag iron oxalate in an iron dish until it ceases to lose weight and a 
uniform fine brown powder remains. 

The formerly official 'preparation called " subcarbonate of iron," 
which is still considerably nsed, also consists almost entirely of ferric 
oxide. 

UAGNETIC OXIDE OF IRON. 

FEBBX OXIDUH NIGBTJU. 
Fe,0.(orFe0.r6A) = 232. {HydrBted,Fe,O,.Fe(OH)j=250.) 

Solution of teisulphate of iron 230 C.c. 

Ferrous sulphate 60 Gm. 

Ammonia water 500 C.c. 

Water, sufficient. 
Dissolve the ferrons sulphate in 2,000 Co. of water and filter; add 
Uie solution of ferric sulphate; then pour this liquid gradually and with 
omstant stirring into the ammonia water previously diluted with 1,000 
■ C.c of water. Boil the mixture fifteen minutes. Wash the precipi- 
tate, first by decantation and afterwards on a filter until the washings 
cease to give a precipitate with test-solntiou of barium chloride. Then 
dry the product. 



.i^.ooglc 



SYNTHETICAL CHEMISTRY. 



Notes.— The boiling !g directed for the purpose of decompoeini the 
hydrated oxides precipitated by the ammonU, expelling the water of hydration. 
"the product then keeps well, not becoming oxidized into ferric oxide as readilj 
as it would otherwise do. 

Desoription^ — A. perfectly black, impalpable, tasteless, inodorous and 



CUPRIC OXIDE. 

CUPEI OXIDUH. 



This oxide is prepared as a fine black powder or as small granules, 
most readily by ignition of the nitral^. 

It is used ia organic analysis as an oxidizing ^ent 



BED OXIDE OF HERCITRY. 

HTDBABGTRI OXIDUM BTTHBUK. 

[BBC PBBOIPITATIl'.] 
HgO=216. 

Mercury 320 Gm. 

Nitric acid 1,800 C.c 

DiaEoWe 160 Gm. of the mercury in the acid previously diluted with 
800 C.c of water. Evaporate the solution to dryness. To the residue 
add the remainder of the mercury, and triturate until all globules of 
mercury disappear and a uniform mixture results. Heat this in a porce- 
lain dish on a sand-bath, stirring frequently, untQ acid T^x>r8 cease to 
be evolved. 



ITotca.- 'The nitrate ia decomposed bv heat, red fumee (nitrogen tetroxlde) 
lieing evolved. When all the nitrate has been thns decompoeed, tfie acid vapora 
), and the residue Is mercuric oxide. Care must be taken to continue the 



heating until not a trace of nitrate remains. Mercuric oxide when strongly 
heated becomes very dark, but the red color returns on cooling. If the heat fs 
too high (over S60° C.) the oxide decomposes Into its elements, wMch may de dla- 
coverM bj holding a piece of fllter-paper over t2ie heated mass, when met^lic 
mercu^ will condense on the paper. 

It b sometimes directed to digest the residue after cooling, with dlsUUed 
water to which a little aolntlon of st^a hasbeen added, the object belngto remove 
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ADj remaning nitrste. In this cue the oxide must afterwardB be ULorongbly 
washed, and£ied at a gentle heat 

Red oxide of mercuiy should be reduced to extremely fine powder by tritu- 
ration before being used. 

Deaoription. — When prepared tm a large scale the red oxide of mercury 
coDSlelsof BhlningcrTstalllne scales of a dark orange red color. Prepared In 
smaller lots, it is a brick-red powder. When triturated it becomes lighter In 
color, and more yellow the finer Its dlTlrion. It is permanent In the air, 
inodorous and tasteless, insoluble in water or alcohol, but wholly soluble In nitric 
or hydrochloric acid. Heated to a high temperature It first darkens; when the 
heat )e further increased the mercuric oxide decomposes, giving ofi oxygen and 
■epaiating metallic mercury, and is Anally volatilized without residue. When 
digested on a water-bath, with a strong soluQon of oxalic acid, it does not cbuige 
color wlthtn two hours (diSerence from yellow mercuric oxide). 

Tests. — Should be completely insoluble In water, but should dissolve to a' 
clear aolntion In nitric acid. 

The dry substance, when heated, should give off no red fames, showing 
absence of undecomposed nitrate. 



YELLOW MERCURIC OXIDE. 
HTBBAB.GTBI OXIDTTH 7LAVU2E. 

[FBBCIFFFATIID OXTDB OF MBBCUBT.! 
HgO = 216. 

CorrosiTe mercuric chloride, in powder. , 100 Gm. 

Solution of potaBsa 900 C.c. 

Water, snfficieat 

DisBolve the mercuric chloride in 5,000 C.c. of hot water, and filter. 
Poor the nitrate, when cold, iiito the solution of potassa previously- 
diluted with one liter of water, stirring constantly. Set the liquid con- 
taJDiiig the precipitate aside for twenty-four hours. Then decant the 
supernatant liquid from the precipitate, and wash the latter repeatedly 
by the affusion and decantation of distilled water. Continue the 
washing on a filter ontil the washings cease to be affected by test solu- 
tion of nitrate of silver. Let the precipitate drain, and dry it, between 
bibulous paper, in a dark place, at a temperature not exceeding 40° C. 
(104° F.). 

Keep the product in weU stoppered bottles, protected from light 

Beaotlon.— HgCl,-+-2K0 H :r^ HgO+aKCl+H,0 

Notea.— The mercuria chloride is to be used in powder, and the water in 
which it is dissolved must be hot, In order to save time; but the solution must be 
allowed to become cold before it is added to the solution of potassa. Very 
hot solutions would yield a product consisting partly of red oxide, and even the 
dtylne of freshly precipitated yellow mercuric oxide by the aid of heat renders 
it reddish and afforda a preparation which does not withstand the oxalic acid 
tvat. To avoid the formation of any of the red variety of the oxide, and thus 
obtain a light yellow product, therefore requires the use of cold solutions. 

The solutions must also be comparatively dilute, for If strong solutions are 
employed the product is liable to be coDtamfnated by oxychlorides of mercury, 
one of which Is nearly black (HgCI,.2HgO), and another brick-red (HgCl,,8HgO). 
These oxychlorides. or either of Qiem, may also be formedif the mercuric chloride 
la allowecl to be preaent in excess over the potassa, which happens when the 
aolntion of p<AasBa is poured Into the solution of mercuric chloride, and may alao- 
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result from a f allnre to sdr the eolutiOD of potBBsa brisklj in the act of pouring 
the meicuiT solation Into it, or from adding the mercury salt too rapldl;. 

If the potasM nMd cont^na carbonate, the precipitate will ccmtain dark brown 
mercuric carbonate, which upiially falls after the oxide lias subsided, and thoa 
forma a thin film orer the precipitate. 

Both the osycUoridea and the carbonate can be broken op by digestion or 
even maceration with an exceu of potaaBa; but thia require* time, and reaulta In 
waste of materials. Their formation is readilr prevented by the use of proper 
materials and a strict obserrance of tbe directions giTen in Uie working formula. 

The precipitate is to be washed until tbe wasUngs, slightly acidnbted witli 
nitric acid, no longer give a reaction for chlorine, with teat solution of ^ver 
nitrate. 

Light reduces precipitated mercuric oxide, causing the separation of finely 
divided metallic mercury, wiiich du'kena the product. Hence the precipitate 
should be prepaieil, waahed and dried with as little ezpoeore to light as powible. 

Yellow onde of mercury can also be made from mercuric nitrate, and soda 
may be nsed in place of potaasa. 

Desoription. — A. heavy yellow powder, which becomes red on applicatitm 
of strong beat. Xnaoluble In water, but soluble in nitric and hydrocbl(«Cc acid. 

Tests. — Heated witb strong solntionof oxalic add, it forms m«rcuric oxalate 
readily, and in this respect diflwe from the red oiide. 



YXLLOW WASH. 

Z.OTIO TI^TA. 

Mercuric ofaJoride 1 Gm. 

Lime water 250 C.c 

Triturate tbe mercnrio chloride to fine powder, add the lime watier, 
gradoaJly ooDtinuing the tritoratioo. 

Notes. — Yellow mercuric oxide is formed, which setties to tbe bottom. The 
preparation must, therefore, be vigorously shaken each time itis to be used. 



MERCUROnS OXIDE. 

HYDBABGTBI OZZDUH ITIQBUH. 

Prepared by macerating freshly precipitated mercnrouB chloride 
with solution of potassa in excess. The thoroughly washed and etill 
moist mennuoaa chloride is gradually added to the solution of potassa, 
with diligent stirring; the whole is well shaken, end then set aside in a 
dork place until the black mercurons oxide has settled. This is then 
washed with cold distilled water, collected, and dried between folds of 
blotting paper in a cool, dark place. 

Must be kept well protected from tbe light 

About 12 parts of precipitated oalomel, and 24 parts of solution of 
potassa of 1.33 specific gravity, will be required to prepare 10 parts of 
merourous oxide. 
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DSBOriptioa. — A Kreenish black, heavy, ioodoroiu, tasteleBB powder, inaol- 
nble la water or alcohol, fieodlly and completely soluble in wann nitric acid. 
Hydrachloric acid couTertB It into white mercuraus chloride. VoUtUIsee with- 
out residue. 



BI.ACK WASH. 

I<OIIO NIOBA. 

Calomel ; .... 1 Gm. 

Lime vater 150 C.c. 

Triturate the calomel with Uie lime water gradually added. 

Kotos. — Blhck mercnrons oxide is formed, which Ih heavy and inaolable in 
the llqDid. The prepaiatioa is therefore to be thoroaghly ehakea each time tt Is 
tobeu»ed. 

To throw tiie calomel Into ■ bottle and shake it irith the lime WHt«r Ih Inad- 
mlsslble, as Uttle lamps are then fonned which protect a portion of the calomel 
in the Interior from the action of the caldum hydrate. A good preparation can- 
not be obtdned unless the powder is triturated with the lime water. 



SILVER OXIDE. 

ABQEHTI OXIDUIL 

A&0= 231.4. 

Silver nitrate 100 Gm. 

Distilled water 200 C.e. 

Solution of potassa 000 C.c 

Dissolve tbe silver nitrate in the water. To this solntion add solu- 
tion of potassa so long as any precipitate is produced by it Wash the 
precipitate with distilled water until the washings are nearly tasteless. 
Dry the prodnot and keep it well protected from the light 

Beactioii.— 2AgNO,+2KOH=A(cO-i-aKNO,4-fl:,0. 

Notes. — Silver oxide easily parts with its oxyt^en, and hence must not be 
brought ih contact with readily osidizable substances, as explosion may result. 
Moderate heat also decomposes it With ammooia It forms a violently explosive 
compound known as " fulminale of silver." Qreat care is accordingly necessary 
in handling this preparation. It should he kept In a well-closed bottle and in a 
cool place, audit is not safe to keep pills made with diver oxide andsoUd extracts 
any length of time. The best exclpient for such pills is perhaps kaolin ointment 

Desoription.— A dark brown powder soluble in about 8,000 parts of water, 
to which it imparts an alkaline taste; on application of strong heat it loses all 
oxygen, leaving metallic silver. 

Testa. — Completely solubla in nitric acid. From this solution chloridos 
throw down silver chloride. 

It Is capable of forrolug tbe same chloride when shakpn with solutions of 
metallic chlorides, as of NaCl. 
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BISSTOTHOUS OXIDE. 

BISMUTHI OXIDUM. 

Bi,0,^463. 

Subnitrate of bismath 1 part. 

Solution ot soda 4 parts. 

Mix and boil for fiveminut«s; set it aside to cool and settle; decant 
the supernatant liquid; wash the precipitate thoroughly with distilled 
water, and dry by water-bath heat. 

Eeaotion.— 2B10 FO,.H^O +3NaOH= Bl,0,+2N&NO,+2U,0. 
Description. — Biamutii oxide ia b. flue, soft powder, having & Kreenlah yel- 
low tint, so pale as to be nearly white. It is Inodorona, tasteleaa, ana insoluble la 



AHTDttOinOUS OXIDE. 
AITTIHOIIU OX^UK. 

Sb,0,=288. 

Solution of chloride of antimony 400 C.c. 

Sodjiun' carbonate 150 Gm. 

Water, sufficient. 

Pour the solution of chloride of antimony into 8,000 C.c. of warm 
water, stirring well; let the precipitate subside, draw o& the super- 
natant liqnid by a siphon, add 4,000 C.c. of warm water, stir well, let 
settle, and again siphon off the wash water; repeat this a third time. 
Now add the sodium carbonate previously dissolved in 1,000 Co. of 
water, let the mixture stand tor half an hoar, stirring frequently, and 
then collect the oxide on a filter and wash it with boiling water until the 
washings cease to give a precipitate with test solution of silver nitrate 
acidnlated with nitric acid. IJastly, dry the product at not above 
lOO^" C. (212° F.). 

Heaction.— 12SbCl,+15H„O=3SbCL.B8b,O,+30HCl ; and subseqiiently, 
aSbCl,.5&b30,+3Na,COj=8SbjO,+8NaCI4-8COj. 

ITotea.^The object of using learnt water in precipitating the oxychloride of 
ODtimony, and in washing It, is to remove as much as possible of the lead chloride 
that may coataminate the precipitate In case the solution of chloride of antimony 
contained that impurity. To convert the oxychloride into oxide, ammonia can 
be used instead of sodium carbonate. 

Description. — A white, crfstalline powder, insoluble in water. Inodorous, 
and tasteless. When heat«d it turns yellow, but becomea white agdn on cooling. 

Testa.— The proper reagents should show absence of chlorides, sulphates 
and metallic Impurities. It should be soluble in boiling solution of potassium 
acid tartrate. 
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HYDRATES. 



The h^drateu of potassiiun, Bodinm, and ammoninm (ammonia 
water) are freqnently nsed ia pharmaceutical chemistry as precipitants 
and for other purpoeee. The potaseiam aod sodinm hydrates are pre- 
pared from the carboaates from which the carbonic acid is removed by 
precipitation with calcium hydrate. 

Calcium and barium hydiates are -employed for similar purposes, 
to liberate alkaloids, etc These are made by adding water to the 
oxides. 

A hi"i'"'Tnii hydrate and ferric hydrate are insoluble, and are made 
by precipitation. 



FOTASSIUH HYDRATE. 



IOA.VST10 FOTABH.] 

KOH=56. 

When impure potassa is dissolved in alcohol, any carbonate, sul- 
phate, and the greater portion of any chl<mde preeent remain undissolved, 
and may thus be removed. The alcohol may then be distilled off from 
the clear, decanted solntion, and the remaining potassa is dried and 
fused in a sUver capsule. Although the solution is brown from the 
action of the alkali upon the organic substances in the alcohol, the 
fused potassa will still be white. To prevent the formation of carbon- 
ate, a little boiled distilled water is added from time to time to the alco- 
Jwlic solution during its evaporation. 

It should be quite white, hard, crystalline in the fracture, and dry. 

Potassa must be kept in bottles of bard glass, as it attacks soft 
glass. Green glass free from lead is best Glass stoppers in bottles 
containing potassa or its solution, are acted upon by the alkali, and 
often become so firmly fastened to the neck that they cannot be 
removed To prevent this a little petrolatum may be mbbed upon the 
stopper before inserting it. This also effectually excludes air, and thus 
protects the potassa from moisture and carbonic acid 

Desoriptlon.^It is nsually sold for c] 
In fused lUeks. It also appears In large crj 
dellqueacent, caustic, acrid and corrosive. 

Tests, — Pure KOH is quickly soluble in water, and ahonld give no efferves- 
cence with Kids. Under the subject of Volnmetrlc Analysis will be found the 
method of quantitative tegting. 

Batorating power.— 100 parts of KOH will saturate: 
Ac«tic acid (36 per cent HC,H,0^ 297.6 parts. 
Acetic add, dilated (6 per cent HC^HjOj), 1,785.8 puts. 
Acetic add, glacial (Se per cent HCgHjOi), 108.3 parts. 
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Areenous oiide (100 per cant, AbjOJ, 88.4 parts. 

Benzoic acid (100 per cent. HC,H,0 J, 217.8 parts. 

atrlc acid (100 per cent, U^C^Hfi-.Ufi), 126 parts. 

flydrobromic acid (84 per cent. HBr), 4St3 part*. 

Hydrobromic acid, diluted (10 per cent nBr},1413.8 puts. 

Hydrochloric acid (31.9 per cent. BCl), 20S.8 part;. 

Hydrochloric acid, diluted (10 per cent HCl), 650 parts. 

Hydrocyanic acid, diluted (3 per cent. HCy), 2410.7 parts. 

Lactic acid (75 per cent HC,H,0,), 214.2 parts. 

Nitric acid (69.4 per cent. HNO,), 182.1 parts. 

Nitric acid, diluted (10 per cent. HNO,), 1125 parta. 

Oleic acid (100 per cent HCu,H^Oj), 603.8 parts. 

Phosphoric acid (50 per cent. H,PO,), 17B parta. 

Phosphoric acid, diluted (10 per cent. H,PO,), 875 parts. 

Salicylic acid (100 per ceat HC,H,0,), 246.4 parts. 

Sulphuric acid (100 per cent. HjSOO, 87.6 parts. 

Sulphuric acid (96 per cent H,SO,), 91.1 parts. 

Sulphuric acid, diluted (9.8 per cent. HjSOJ, 911 parts. 

Tartaric acid (100 per cent. H.G.H.Oit, 138.9 parts. • 
Aa compared with other potassium compounds, 100 parts of EOH equals 178.6 
parts of potassium bicarlmnate, or 147.8 parts of potassium carbonate (100 per cent 
SKjCO,.8HjO). 

As compared with sodium compounds, 100 parta of KOH equals 71.48 partsof 
NaOH, 150 parts of sodium blcarbooate (100 per c«nt NaHCO,), or 3fi5.86 parts of 
sodium carbonate (100 per cent Na,COs.tOHiO). 

As compared with the corresponding ammonium compounds, 100 parts of 
KOH equals 80.357 parts of NH„ 303.67 parts of ofOclal ammonia water (10 per 
cent NH,), 108.41 parts of stronger ammonia water (28 per cent NH,), or 93.45 
parta of ammonium carbonate. 



POTASSA WITH LIHE. 

POTASSA CUM CAt.CE. 

Potassa 1 part. 

Lime 1 part 

Bub them together so as to form a powder, aad keep it ia a well 
stoppered bottle. 

Kotes. — A warm mortar should be used. The mixture Is less corrodve than 
pure potassa. The lime, taoweYer, keeps the potassa free from carbonate. It 
should be kept either in glass stoppered bottles, the stopper? to be rubbed orer 
with petrolatum, or in corked bottles, the corks to be thoroughly paralBDed. 



DeacriptiOB. — A grayish-white powder, deliquescent, tiavlng a stron^y 
alkaline reaction, and responding to the t«sl8 for caldum and potastium. Itsboold 
be soluble in hydrochloric add without leaving more titan a small reddue. 
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SOLUTION OF FOTASSA. 

- LIQUOR POTASS^ 

An aqueoua solution ol hydrate of potassitiiu (KOH, 5ft.), oontain- 
ing about 5 per cent, of the hydrata 

Bicarbonate of potassium 90 Qm. 

Lime 40 Gm. 

Distilled water, sufficient. 

Dissolve the bicarbonate of potassium in 400 C.c. of distilled water, 
heat the solution until effervesoenoe ceases, and then raise it to boiling. 
Slake the lime and make it into a smooth mixture with 400 C.c. of dis- 
tilled water, and heat it to boiling. Then gradually add the first liquid 
to the second and continue the boiling for ten minutes. Bemoye the 
heat, cover the vessel tightly, and, when the contents are cold, add 
enough distilled water to make the whole weigh 1,000 Gm. Lastly, 
strain through linen, or remove the dear solution, after subsidence of 
tlie precipitate, by means of a siphon. 

Solution of potassa should be kept in well stoppered bottles. 

Reaction. — The potassium bicarbonate ia firat converted into normal carbon- 
ate by boiling the aoIuUon. Then, K,CO3+Ca(OH),=3KOH+UaC0,. 

ITote^— The potassium bicarbonate is uaed in preference to monocorbouate, 
becaoM bicarbonate is readily obtained neajlv pure, whereas carbonate tisually 
contdns various impurities. The lime la used In conBiderable excess, but no lime 
will be contained In the finished sotutloa of potassa, as calcium bydrate is lasol- 
nble in that liquid. Theoretically 1 partof limeis sufficient to canBliclze 8.8 parta 
of iiotassinm bicarbonate when the process is conducted as prescribed in the official 
process, which ia the one given above. It would be a decided improvement upon 
Uiis process to flrst wash the calcium hydrate, throwing away the first portion of 
water used as In the process for making lime water ; this removes dust, salts, etc. 
Ad nmieceasarOy large excess of lime Is disadvantageous in that (he calcium 
Iqrdrata settles more uowly than the carbonate. 

Potassium carbonate maj be csusticlzed by calcium hydrate without the ^d 
of heat, but the calcium carlionste then f ormea Is very light, settles slowly, and 
retains much liquid. By using hot solutions, as directedby the Pharmacopceia, 
a mnch more dense calcium carbonate is formed which settlea rapidly, so that the 
solution can be separated with less waste. 

Not iesE than 6 parts, and preferably 13 parts of water should be taken for 
each part of normal potassium carbonate used. The process of the U. S. Phar- 
macopeia employs about 1D>^ parts, for 90 parts of bicarbonate corresponds to 
abotit 77 parts of monocarbonate, and the water used is 800 parts. If a more con- 
centrated solution is used the decomposition will be incomplete. The reaction Is 
complete when the liquid no longer efilervesces with dilute acid, and does not 
cause a turbidness when dropped into clear lime water. 

SolotlaD of potassa can well be evaporated In an iron pot down to about 1.16 
speciflc gravity without danser of attacking the iron. A stronger solution, how- 
ever, would attack the met^. In any event a solution of potassa should not be 
allowed to remala long in contact with iron, ami whenever such a solution is to. . 
be concentrated in anuon vessel, the evaporation should be hastened as much m : 
poerible. ' ' 
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Btr^ning or fllteriag the solution la liable to discolor It. A bsttor plan is to 
let it Btond long enoDgh to settle thorongbly, and then to wparate the clear boIu- 
don t^' means of a siphon. In cases where filtration seems unavoidable, the most 
appropriate flltering medium is cotirselj powdered and waabed marble. 

The Pharmacopceis gives the followiog altemate process for making 
this solution: 



56 Gm. 
. 944 C.C 



Distilled water 

Dissolva 

An excess of potassa is here used to compensate for moisture, ear- 
txmate, and other impurities coataiued in ii 

crid, caustic taste. Sp. gr. 



Tests.— It shonld not effervesce with acids, and when s drop on a platinum 
loop is held in the Bunsen flame only a violet color should be prodnced. 

The solution neutralized hj nltnc acid should not be ptedpltated by bsrium. 
nitrate or silver nitrate. 

66 Gm. of the solution should require for neutnlizatloD 50 C.C of normal 
hjdrochlorlc acid. 



Strength.— The various ofBctal solutione of p 



a compare as follows: 



Germany (1872) 

Sweden (1869) 

Germany (18^) 

Great Britain (1866). 
United States (1882) 



Smctlh: gnvi^, 1 



Speofflo Cteavity and Percentage Streusth of Solutions of KOH. 

(TOnnermann and Schiff.) 

Per cent. Sp. gr. 

of KOH. 15°. 

1 1.009 

5 - 1.041 

10 1.083 

15 1.128 

30 1.177 

26 1580 

30 1.288 

85 __ 1.349 

40 1.411 

46 1.475 

80 1J>38 

65 1.604 

60 1.667 

65 1.789 

; I 70 1.790 
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SODinU HTDBATE. 



[CAUSTIC >aODA.l 

NaOH=40. 

Prepared from sodium carbonate by double decompoeition with cal- 
dnm hydrate in the same maoner as potassimn hydrate is prepared 
from potassium oarbonate. Pure sodium hydrate is soluble iu aloohol, 
but the carbonate is insoluble in it; hence impure sodium hydrate is 
purified by solution in alcohol and subsequent distillation as described 
UDder Potassa. 

Soda is to be preserved in the same manner as potassa. 
Deaoription. — It Is lees corrOBlve th&n potoasa. A white, bard, opaque 
solid, generally in form at frregular masses, deltquesceut In moist air, but effior- 
escent )n dry air. Soluble in about Its own weight of water, and veiy soluble 
also in alcohol. 

Testa. — Should be soluble in wster and alcohol, and give no effervescence 
witbiicids. 

The nmount of pare NaOH Is fonnd by means of standard acid solution g^ven 
nndor Volametrlc Analysis. 

Saturating power.— 100 parts of NaOH will saturate: 

Ace^c acid (36 per cent. UCaH,0,), 410.6 pnrti. 

Acetic acid, diluted (6 per cent. HC,H,0,), 3,500 parts. 

Acetic acid, glacial (90 per cent HC,H,0,), IBl.d parts. 

AnenoQs oxide (100 per cent As,0,), 133.7 parts. 

Benzoic acid (100 per cent. HC,HeO^ 305 parts. 

Citric acid (100 per cent H,C,H,0,.H,0), 175 parts. 

Hydrobromlc acid (84 per cent. HBr), 593.7 parts. 

Hydrobromlc acid, dUuted (10 per cent HBr), 3020 ports. 

Hydrochloric acid (31.9 per cent HCl), 285.3 parts. 

Hydrochlnrtc acid, diluted (10 per cent. HCl), 010 parts. 

Hydrocyanic acid, diluted (3 per cent. BCy), 8,375 parts. 

Lactic acid (7S per cent. HC,H,0,), 800 parts. 

Nitric acid (60.4 per pent. HNO,X 237 parts. 

Nitric acid, diluted (10 per cent HNO,), 1,575 parts. 

Oleic acid (100 per cent HCu,H„Oj), 705 parts. 

Phosphoric acid (50 per cent H,PO j, 346 parts. 

Phosphoric acid, diluted (10 per cent B,PO«), 1,^35 parts. 

Salicylic acid (100 per cent. HC^H.O^ 346 parts. 

Bolphuric acid (100 per cent B,SO,}, 132.S parts. 

Bttlphuric add (06 per cent. H,SO^ 127.6 parts. 

Snlphnric acid, diluted (9.6 per cent H^O,), 1,278 parts. 

Tartaric add (100 per cent H,C,H.O^ 187.5 parts. 

Taleric add (100 per cent HCtE,0^ 255 parts. 
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Ab compared with otbei sodium compouade, 100 p&rta of NaOH eqnals 310 
parta of aodimn bicarboDsto (100 per cent. NaHCO,), or 357.5 parts of sodium 
carbonate (100 per cent. NajCO.-lOHjO). 

As compared with potassium compounds, 100 parts of NaOH equals 140 parts 
of KOH, 2!)0partsof potassium bicarbonate, or 306.35 parts of potassium carbonate 
(100 per cent. 2K,CO,.8IL,0). 

As compared with ammonlam compouods, 100 parts of NaOH equals 43.5 
parts of NH„ 43G parts of offlcial ammonia water (10 per cent. NH,), 151.S parts of 
stronger ammonia water (38 per cent NH|), or 180^ parta of ammonium car Ixmate. 



SOLUTION OF SODA. 

UQUOB 800.S!. 

An BqiieoDB solution of hydrate of sodium (NaOH, 40,), containing' 
5 per cent of the hydrate. 

Carbonate of sodium 180 Gm. 

Lime 60 <lm. 

Distilled water, sufficient. 

DiesolTe the carbonate of sodium in 400 Cc (rf boiling distilled 
water. Slake the lime and make it into a smooth mixture with 40() C.c. 
of distilled water, and heat to boiling. Then gradually add the first 
liquid to the second, and contintie the boiling for ten minutes. Be- 
move the heat, cover the vessel tightly, and, when the contents are oold, 
add enough distilled water to make the whole mixture weigh 1,000 
Om. Lastly, strain through lineo, or remove the clear solution, after 
subsidence of the precipitate, by means of a siphon. 

Solution of soda should bo kept in well stoppered bottles. 

Eeaction.— NajC0,+Ca(OHJ;=3N8OH+CaCO,. 

Notes. — Ttie general observations given under Solution of Potasaa apply also 
to the preparation of solution of soda. This solution has the sp.gr. 1,059, and the 
sp. vol. 0.944. 

Speoiflo Qravlty aud Feroentage Strength of Solntiona of ITaOH, 

(Schiff). 



16^ 
1.013 
1.06B 
1.115 
1.170 
1.S35 
1.279 
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AMMONIA. 

AHHOHU. 

NH.= 17. 
An experimeat Olustrating the preparatioD and properttee of this 
IS has already been given. 



AMMONIA -WATER. 

AQTTA AMMOKIf. 

An aqneons solntioa cootaining 10 per cent, of NH,. It may be 
regarded as a solution of ammouium hydrate, NH^OH. 

Best made by mixing 100 weight omta of stronger ammonia water 
(28 per cent NHj) with 180 weight units of distilled water, or 112 volume 
units of stronger ammonia water with 180 volume units of distilled 
water. 

This is what manufacturers call " IT. S. F. water of ammonia," hav- 
ing 0.959, specific gravity at 15° C. (59° F.) compared with water at4°C. 
as unit, and corresponding to 10° Beaum& Its sp. vol. is 1.043. 

Description. — A colorlese aolutloa lighter than water, find possessing tlie 
cbarscterist^ odor of the gas. See also the notes under Stronger AmuoDia 
Water. 

Teats. — It should be completely volatile, aad when Qeutralized with nitric 
acid should elve no test for sulphates on addition of batium nitrate, nor for chlo- 
rides on addition of silvei nitrate. 

The perceutaee strength ie found by means of standard acid solution as given 
onder the bead tn Volumetric Analysis. 
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STRONGER AMMONIA WATER 
AQUA AHHOKLffi FOBTXOB. 

Ammoiiium chloride, in coaree' powder 1,000 Gm, 

Lime 1,250 Qm. 

DiflUlled water, water, each enfficient. 

Slake the lime with 500 C.c. of water; add the ammomam chloride - 
to 500 C.c of water; mix the whole well, and immediately introduce the 
mixture into an iron flask. Connect the flask at once, by means of 
corks, glass tubes and rubber stoppers,, with a Woulfe bottle of the 
capacity of 500 Cc Connect this with a second Woulle bottle of the 
same size., and this in torn with a receiver of the capacity of two liters, 
and containing 500 C.c of distilled water. Connect the receiver with 
still another bottle containing 200 C.c of distilled water. The Woulfe 
bottles are< to be empty. The second Woulfe bottle and the receiver 
must each be provided with a siphon safety tube charged with a very 
short column of mercury. 

The iron flask is placed in a sand-bath, and heat is applied. The 
receiver is to be cooled by oold water. All joints being tight, the heat 
is gradually raised and continued until no more gas passes over. 

For experimental purposes a glass flask may be used instead of that 
of iron, but the process cannot then be continued until all the gas has 
been obtained which the ammonium chloride will yield. This has 
already been illustrated. 

The water ia added to the lime and ammonium chloride in order to 
facilitate the reaction. The calcium hydrate must be allowed to be- 
come cool before mixing it with the ammonium chloride. 

At the conclusion of the operation there will be considerable 
quantities of liquid in all four bottles. The Woulfe bottles will con- 
tain di.scolored ammonia solutions; the third bottle or receiver, con 
tains a strong solution of ammonia, which is to be diluted with distilled 
water until of the required strength; the terminal bottle contains 
weaker ammonia solution, which may be strengthened by charging it 
with an additional quantity of gas obtained by heating in a flask the 
contents of the Woulfe bottles. 

If ammouiimi carbonate is used instead of chloride, less heat will 
be required, but in that case the gas must be passed through a bottle 
containing milk of lime to fix the carbonic acid. 
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Hewtion.— aNH,Cl+Cs(OH)j =2NH,OH+C8Cl,. 

Notes. — Tlie " stranger water of ammonia " of the Phannacopceia contains 
38peiceDt. of tunmODiagaB. Theep.gr. ls0.900atl5°C. (59° F.), corresponding 
to 26° Besnme. Its sp. vol, 1b l.llt. 

In order to prevEot accidents which mar cauae serious resulta the Pharma- 
Gopcpia directs that sttonger ammonia water shall be kept in Jircnp glass stoppered 
bottles, only parti^7 filled, and put ins cool place. Ilthecontainersorenotsuf- 
flcientij strung, and are too nearly full and kept in awarmplace, they may buret. 
The gas is extremely caustic and acrid. To Inhale or smell ammonia without due 
caotion Is attended wiUk danger, and a full container with tightly fitting glass- 
stoppei should never be opened, espMlally if ft is not cool, mhont turning the 
face aside from it 

The arbitrary designations F, FF, and FFF, which are stUl used by some 
manafacturers,haTeno uniform significance. Usually the'*F" meansordinary 
official or 10 per cent, solution of ammoniaj " FF " refers to ft solution contAining 
&bont 14 per cent of gHs, and having the sp.gr. 0.94B corresponding to 18° Beaume 
and "FFF" ref era to a aolutioa contalningabout 17,5 per cenL of gas, and having! 
the sp. gr. 0.933, correspondlne to 20° Beaume. The offlclai description of 
sponger ammonia water is as follows: 

" A colorless, transparent liquid, of an excessively pungent odor, a very acrid 
and alkaline taste, and a strongly alkaline reaction. Sp.gr.O.MOat 10°C.(59°F.)." 
" Stronger water of ammonia should be kept in strong glass stoppered t>oRles 
not completely fliled, in a cool place." 

On a manufacturing scale the water of ammonia Is made from ammonium 
snlphate obtdaed by treating gas liquor with sulphuric acid. The empyrenmadc 
products which accompany toe gas prepared from these materials are removed 
by passing the gas tbTODgh tul>es containing charcoal. 
Teats. — As given above. 
' Satorating power. — 100 parts of gaseous KH, will saturate: 

Acetic acid (8$ per cent HC,H,0,), 980.8 parts. 

AceUc acid, diluted (6 per cent HC,H,0,), 6,881.8 parts. 

AcoUc acid, i^acial (99 per cent HC,H,0,), 856.8 parts. 

Arsenous OKlde (100 per cent Aa,0,), 291Si parts. 

Benzoic add(100 per cent HCjHgOjXIlT.e parts. 

atric acid (100 per cent H.CHjOi.HjO), 411.8 parte. 

Hydiobromlc acid (34 per cent HBr). 1,897.9 parts. 

Hydrobromic acid, diluted (10 per cent HBr), 4,752.9 parts. , 

Hydrochloric acid (31.9 per cent HCl), 671.2 parts. 

Hydrochloric acid, diluted (10 per cent HCl), 8,141.2 parte. 

Lactic acid (79 per cent nC,HjO,), 70S.S parts, 

Nitric acid (6S.4 per cent HNO^ 534 parts. 

Nitric acid, diluted (10 per cent HNO,), 8,705.9 j)artK. 

PhcBphorlc acid (50 per cent HjPO,), 676.4 parts. 

Phosphoric acid, dUuted 10 per cent H,POj). 2,882-8 parts. 

Salicylic acld(100 per cent BCjHgO,), 811 8 parts. 

Bulphoric acid (100 per cent H,SO J, 288.28 parts. 

Sulphuric acid (9S per cent. HjSO,), 800.8 parts. 

Solphnric acid, diinted (9.6 per cent HjSO,), 8,003 parts. 

Tartaric acid (100 per cent HjC.II.O,), 441 .3 partB. 

Valeric acid (100 per cent HCcH,0,), QUO parts. 

As compared with othetammonlumcompounds, fOOparts of NH, equals 1,000 
parts of ammonia water, 8S7.14 parts of stronger ammonia water, or 307.6 parts of 
ammoulnm carbonate, 

AiGompared with potassium compounds, 100 parts of NH, equals 829,4 of 
potastium hydrate, 688^ partsof potassium bicarbonate, or 48S.3 parte of potas- 
slum cart>onat«. 
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As compared with sodium compoODds, 100 parts of NH, equslit 336JKI parts 
of sodium bjdrate, 841.2 parts of sodium carbonate, or 4S4.12 puts of sodiuia 
blcarboDiite. 

Bpeoiflc Gravity and Peroenti^e Strength of SolutioOB of IfHr 

(Otto.) 
Per cent. Sp. gr. 

of NH^ 15"^ 



SFIBTT or AMHOHU. 

SFZaiTDB AKM OITLS. 



.9746 



An alcoholic solution of ammoDia containing 10 per cent, of the gsA. 

Stronger water of ammonia 500 Co. 

Alcohol 1,000 Co. 

Put the ammonia water into a boiling flask of the capacity of aboat 
1,000 C.c. ; connect thia with a bottle of 1,500 Co. capacity to bo used 
as a receiver and containing the alcohoL The bent glass tnbe comiect- 
ing the flask and the receiver should be of about 10 millimeters' diameter. 
Place the receiver in ice-cold water. Fit a thermometer in the flask 

Now heat the flask carefully and gradually, by means of a water 
bath, np to about 60" G.(140° F.), and maintain this temperature in the 
bath for ten minutes. Then disconnect the receiver and test the solu- 
tion of ammonia with volnntetric solution of oxalic acid to determine 
its ammoniacal strength; 50 C.c. of that solution should exactly neu- 
tralize 8.5 Om. of official spirit of ammonia. Having ascertained the 
quantity of volumetric solution of oxalic acid required to neutralize 
8.5 Gm. of the product, adjust the strength accordingly to the required 
standard. 

ITotea. — The solution obtained isoBnally stronger than 10 per cent., In which 
case It simply requires dilution with the proper proportion of alcohol. If the 
solution be found to cont^n less than 10 per cent, of Nil,, the receiver may be 
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reconnected and the process coD^nned. Should the stroDger water of ammoDia 
need fail from an; cboss to furnish anfflcletit NH, to give the product the reqni- 
Bite strength, put a fresh portion of ammonia water In the flaak and repeat the 

It hfta the ip. gr. 0.810, aad the ep. vol. i;S85. 



BASIUIS HTDBATE. 

BABU HTBBAS. 
Ba{OH)y8HjO=315. 

A Bolution of bKrium hydrate in water is a valuable laboratory 
reagent. 

It is frequently, prepared of a defiaite strength, and used in rolti- 
metric aimlysis. 

CALCIUH HYDRATE. 
CALCn HTBBAS. 

[BIlAAXD I.IMB.] 
Ca(OH),=74, . 

Lime .- 16 parte. 

WatOT 10 parts. 

Place the lime in a metal pot, pour the water upon it, and when 
vapor ceases to be disengaged, cover the pot well and set it aside until 
the contents are cool. Put the slaked lime into an iron-wire sieve, and 
1:^ gently shaking cause the fine powder to pass through the sieve, 
rejecting what is left. Put the powder into a bottle and cork tightly. 



The water should be added to the lime all at oi 
water Is added at flrst, the hydrate foraied will be 
afterward diatDtegrate readily on addition of more 

The steam duengaged by slakiuK Hme haa the odor of hot lye. 

It Is frequently used as a reagent In chemical auatyais, and for many purposes 
must be free ^m traces of chlorides, Bulphatea and alkali metals. 

SOLUTION OF LIUE. 

UQUOB CAXOIB. 
[IJUa WATEB.] 

An aqaeous solution containing about 0.15 per cent of hydrate of 
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Lime 1 part. 

DistUled water 300 parts. 

Water, sufficient. 
Slake the lime by the gradoal addition of 6 parts of water, then add 
300 parts of water and stir occasionally during half an hour. Allow the 
mixture to settle, decant the liquid and throw this away. Now add to 
the residue 800 parts of distilled water, stir well, wait a short time for 
the coarser particles to subside, and pour the liquid, holding the undis- 
solved lime in Buspensioo, into a glass stoppered bottle. Four off the 
clear liquid when wanted for use. 

ITotea. — The object of rejecting the solutiou SrBt mtule is to remove duet 

and alkalies. Alter this waahiug the calcinm hydrate furnishes a purer product. 

At 19° .S C. water disBolTes about ^i "' ^^ weight of calcium hydrate. The 

ezcew of hydrate is allowed to rem^a in the Btock bottle in order to keep the 

solution saturated. 

It is clear, colorless, and nesrly odorless. 



ALnUINIUM HYDRATE. 
AIiUKINn HYDBAS. 

Al.(OH),=156. 

Alnm, in powder 1 part 

Sodium carbonate 1 part 

Distilled water, sufficient 

Dissolve each salt in 15 parte of distilled water, filter the solntiooa 
and heat bo boiling. Then having poured the hot eolation of carbonate 
of Eodinm into a capacious vessel, gradually pour into it the hot solution 
of alum with constant stirring, and odd about 10 parts of boiling dis- 
tilled water. Let the precipitate subside, decant the clear liquid, and 
pour upon the precipitate 20 parts of hot distUled water. Again decant, 
transfer the precipitate to a strainer, and wash it with hot distilled water 
until the washings give but a faint cloudiness with test-solutioii of 
chloride of barium. Then allow it to drain, dry it at a t«mperatiire not 
exceeding 40° 0.(104° F.), and reduce it to a uniform powder. 

Keaction.— 8Nb,CO,+AI,Kj(SO0,+8HjO = 

SNa^0,+K^0,+A1^0HJi-f8C0,. 

Notes.— In thePharmacopcelalfoniinlatheproportlaiiBarell of atom to 10 
of Bodlnm carbonate; thlsmakes the excess of aodium carbonate Insufficient 

Tbeoreticallj the ercess of sodium carbonate iu the official proportions U 
about one-half per cent; but in practice this may be reduced or overcome l^ 
impurities present in the salt. At the same time it Is necesaaiy to have a decided 
excess of alkali present throughout the process, and as equal parts of alum a&d 
sodium carbonate leave only about ten per cent excess of the alkali, and aa this 
excess is not too great, these proportions are to be preferred. Unless a sufflcleDt 
excess of alkali be present from the begtnniag to the endof the reaction, and tbe 
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liqnld Bdlt ranuiiis alkaline after >U the alum haa been decomposed, the product 
wAl contain sulphate. TMb explains wh; it is directed that the alom solutloa must 
be poured Into the alkali solution, and not vice vwta; it also accounts (or the 



injoncUon to odd the alom aolation slowlj and with constant stirring. 

Aluminium hydrate is a very light, TolnminouB precipitate, forming an almost 
geladooDs magma, which settles very slowly if at all, and Is therefore difficult to 
wash It will of oourae settle less readitj In a denae liquid than in one less dense. 
Heoce the addition of hot water greatly facilitates the washing by decantation. 
But prolonged contact with boiling water changes the constitution of the hydrate 
from AJ^OU)^ to AUOH),0„ and the latter compound Is insoluble in adds. 
Hence, the liquid in which the hydrate is suspended must not be boiling, but 
only hot. 

The washed hydrate is to be dried without much heat In order to avoid Its 
becoming hard ana gritty. 

Aluminium hydrate Is chiefly prepared as a preliminary step in the prepara- 
tloa of aulphate, chloride, nitrate, acetate, and other aluminium salts. When pre- 
pared for this purpose the hydrate, after having been well washed, Is simply 
drained but not dried before being dissolved in the proper add. 

Tests.— It should be soluble in dilute acids. The solution in hydrochloric 
add Bhoald give no precipitate with barium chloride and no color with potassium 
fcrrocyanide. 

The solution obtained by boiling the hydrate with water and filtering should 
leave no residue on evaporation. 



FERBIC KYDBATE. 
PEBBI OXIDTJU HYXtBATUH. 

[HTSRAmiD BS18Q,inOX£DB OF mON.] 

Fea(OH),=214. 

Solotaon of normal (errio aolphate (500 Gm,, or) 380 C.c. 

Ammonia water (400 Gm,, or) 420 C.a 

Water, snfBcieat. 
Dilate the ammonia wateor with 1,000 C.c. of cold water in the pre- 
cipitating vessel of about ten liters' capacity. Dilute the solution of ferric 
snlphate with 5,000 C.c of cold water, and pour this into the dilate 
ammonia riowly and during constant Btirring. Wash the precipitated 
ferric hydrate with cold water, first by affusion and decantation, and 
afterwards on a wetted muslin strainer, until the washings are tasteless. 
Then let the magma drain, return it to the precipitating vessel, and mix 
it well with as much cold water as the vessel will hold, or about ten 
liters. Let settle, decant the supernatant liquid, and again transfer the 
magma to the wetted strainer and allow it to drain. Continue the 
washing in this maimer ontil the wash water is no longer affected by 
test-Bolntion of bariom chloride. 

[When the ferric hydrate is to be used as an antidote for arsenic, the 
whole process must be hastened, and the washing need not be carried 
farther than to remove the mother liqutff. To effect this the precipitate 
is allowed to drain tmtil most of the liquid has run off, and the strainer 
is then gathered up so as to enclose the magma, which is then forcibly 
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pressed with the haads until no more liquid can be squeezed out, after 
which enough water is added to the hydrate to make the weight of the 
whole product equal to twice the weight of the solution of ferric sul- 
phate used.] 

Beaction.— Fe^SO J,+6NH,OH = Fo^OHi,+3(NH J^O,! 

Hfotes. — Dilute and cold solutions are neceaaarf. The dilated aolution of 
f«rric Bolpiiate ahonld be poured alonly, or In a anutll Btream, into the diluted 
ammonia water during contitant attrrlng, aa directed- When the wliole of the 
iron solution has been added, the mixture ahoald still have a decidedlj ammo- 
oiacsl odor ; as the ammonia gas la diSused throuKh the stratum of sir above the 
surface of the liquid, that air must be fanned or blown away before the odor of 
the liquid itself can be ascertained. 

There are several ferric hydrates, dlifering from each other in the propor- 
tiona of water they contain, in color, and in their solubility in acids. The ferric 
hydrate Intended by the Pharmacotxeia is Fej(OH),j another ferric hydrate ia 
Fe,0,.Pej(OHL; and dried ferric hydrate is Fe,0j(OH),. The more basic it ia, and 
the leas water ft contains, the less soluble is it. As obtained by the official pro- 
cess, all the necessary precautions l>eing observed, the product la dark reddish 
brown and readily soluble iu citric acid, and iu glacial acetic acid. When yellow- 
ish brown, brown, grayish brown, or clay-colored, it la luslc, insoluble, and unfit 
for the aaes for which it is intended In pharmacy. A light coloredferric hydrate 
should be at ouce thrown away. 

The BolntJon of ferric sulphate must contain the full amount of ferric sol- 
phate, and t>e free from ferrous salt In order that the quantity of ferric hydrate 
obtained from it may be deflitite ; the Importance of this will be readily nnder- 
stood from the fact that the proportions of the materials prescribed In aeveral 
working formuise for ferric salts are calculated with reference to the amount of 
ferric hydrate theoretically yielded by the solntlon of tersulphate of iron. 

In summer it is best to use Ice for cooling the dilute solutions previons to the 
precipitation. The chemical reaction generates heat, and if the solutions are 
already warm the temperature of the mixture is liable to rise sufficiently high to 
cause the formation of light-colored basic hydrate. But the liqaids must not be 
Ice-cold. 

Should the quantltr of amm<wla used be tnsnffldent, or ahould It be added 
to the ferric sulphate Instead of ot'M em'so, basic ferric salts will be formed. A 
-dark red-browtt solution contdning ferric salt la obt^ned at first, and no ferric 
bjdrate is thrown down until more ammonia ia added. 

Ferric hydrate may also be precipitated front ferric chloride or ferric i^trate, 
and soda may be used as a precipitant instead of ammonia. 

If solntlon of ferric chloride Is used the hydrate formed is more ea^y washed 
free from the ammonium salts, If ferric nitrate is used, the product is soluble 
in an excess of potassium carbonate (Stabl's tincture). 

Ferric hydrate precipitated with soda instead of ammonia Is much lighter in 
-color and extremely difficult to wash free frcim sodium salt. 

Ferric hydrate forms very soluble compounds with sugar and with glycerin. 
It is also soluble in solutions of ferric salts, as in solution of ferric clkloride. The 

Srecipitation of ferric hydrate from solutions of ferric salts by means of alkalies 
I prevented by the presence of citric acid, tartaric acid, and certain other organic 
substances. 

Desoription. — When moist it is a dark red-brown magma, insoluble in 
water, but aoiubie in citric, tartaric, acetic, hydrochloric, siupburic, and nitric 
acids. When dried it is a reddish brown amorphous powder, less readily soluble 
in acids tiian the moist hydrate. 

TTseB. — For the preparation of ferric acetate, citrate, tartrate, nitrate, etc. 
Also as an antidote for arsenic, with which it forms insoluble compounds : 
2Fej(OH),+ABjO,=Fe^AsO.>,+Fe(OU)j-f5H,0. 

For whatever purpose it may be reoulred it must be freshly prepared, as it 
cannot be preserved from decomposition by which t>asic hyturates are tono^Af 
which In no case tt^e the place of the freshly precipitated ferric hydrate. 
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7EBBI0 HTDBATB WITH UAGNESIA. 

TXKEU OXIDtTH HTDBATUU ODH HAOimaiA. 

[ANTTDOTB rOB ABBBKia] 

Solntioa of normal ferric sulphate (65 Gm., or) . 50 Co. 
Magneeia 10 Gm. 

Mix the BolutioQ of tersulphate of iroa vntii 130 C,c. of water 

Stirthe magnesia with abont 150 C.c. of water to & thin milky mix- 
tore, transfer this at once to a wide-monthed bottle of two liters' capa- 
city, and add one liter of water. 

The two liquids shonld be kept in a cool place, and as thexe materials 
are intended exclusively for the preparation of an efTeotive antidote for 
arsenical poiaoning, the particular place where they are to be found 
must be well known by every one concerned. 

"When the antidote is wanted, the solntion of ferric sulphate is at 
once poured into the magnesia milk, and the mixture thoroughly shaken. 
It is then ready for immediate use, 

The preparation contains ferric hydrate, magneeia, and magnesium 
aolphate. 

DIALTSED SOZ.TTTIOn' OF IBOIT. 

UQUOB FXBBI DIAIiTS ATTJ8 ; B. 

Strong solution of ferric chloride, B 100 C.c. 

Ammonia water 175 C.c. 

Distilled water, sufficient. 

Mix 86 C.c. of the solution of ferric chloride with 600 C.c. of cold 
distilled water. Four the mixture slowly and with constant stirringinto 
the ammonia water previously diluted with 400 C.c. of cold distilled water. 
Wash the precipitate with cold distilled water first by decantation and 
afterwards on a wetted muslin strainer until the washings cease to be 
affected by test-solution of silver nitrate acidulated with uitno acid. 
Let drain, and then press out from the magma as much as possible of 
the moisture it holds. Add the ferric hydrate to the remainder of the 
solution of ferric chloride, stir well, and set aside tmtil no more ferric 
hydrate dissolves. Decant the liquid from the undissolved portion, 
place it in a covered dial>'ser, and wash it by dialysis until the washings 
are nearly tasteless. Then dilute the solution in the dialyser until it 
measures nearly 400 C.c, and has a sp. gr. of 1.047. 

ZVotea.— 'Whea 10 Om. of this nolutlon ia treated nlth ammonia water In 
«xcea8, tlie precipitate, when washed, dried, and Ignited, should weigh O.SO Gm. 
A drop of the solution, diluted with water, ehoala yield no precipitate with test- 
■olmioD of silver nitrate acidulated with nitric acid. 

This is the so-called "dlalysed Iron." It wlU be observed that the product Is 
not the dlalysed portion, but the residue after the dlalyeU. It coataios a highly 
txidc ferric o^cnlorlde. 
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CHAPTER XI. 



CHLOBIDES. 

The chlurides of potassium, sodium, lithiom, ammooiTUii, b»rium, 
calcium, magneemm and alamiiiinm are readily prepared by Batarating 
hydrochloric acid with the carbouatea or hydrates. The chlorides of 
zinc and iroii are made by dissolving the metals in hydrochloric acid- 
Those of mercury and silver are obtained by double decomposition. All 
of the chlorides are wator-soluble exceptuig mercnioiifl chloride, and 
the chlorides of lead and silver. 



HTDROCHLOBIC ACID. 
ACIDUM HYDBOCHLOBIOUU. 

[MOKIATIO AOIT.I 

FreparatiOIL — By double decomposition between common salt 
(sodium chloride), and sulphuric acid (hydrogen sulphate), yielding 
hydrochloric acid (hydrogen chloride) and sodium sulphate: 

2NaCl+H,S0, = Ha+NaCl+NaHSO, ; 

and then NaCl+NaHSO,=Na,SO,+HCl. 

The preparation of this acid as a laboratory experiment has abeady 
been given. 

FrOpertieB. — A colorless, corrosive, fuming liquid, of suffocatinjf 
odor, and intensely acid taste and reaction. It is a solution of the gas- 
eous hydrogen chloride, and is colorless when pure. 

The hydrochloric acid of the Pbarmacopceia of the United States 
oontains 31.1) per cent of absolute hydrochloric acid (HCl), and has th© 
epeciflo gravity Lit) at 15° C. (51t° F.) compared with water at +4''C. 
(3ff'.2 F.) as 1.000. Its specific volume is 0.862. 
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At 22° C. (71.6° P.) the ofScitd hydrochloric acid has the Bpecifio 
gravity 1.1583 referred to water at the same temperature as cnit. 

On beating it with black oxide of maogaiiese, od sbnadance of chlo- 
rine gas is givBD off. 

The official acid is what manufacturers call "C. F." The usual 
half-gallon acid bottle holds 6 lbs. of this acid. Strong hydrochloric 
acid gives off white vapors, due to the difference in the proportion of 
moistiire contained in the air and in the acid as well as to the formation 
of ammonium chloride when the hydrogen chloride meets the ammonia 
of the atmosphere. 

Tssts. — Tolatilizes without reddne. 

If 1 C.C. of the acid be dilnled with water to 10 Cc^ and slightly Bupersotn- 
rated with water of ammonia, no precipitate should be formed on gently warming 
0ron or mnob lead); the Itqnid should not have a blue tint (copper), and the further 
addition of S drops of test-solution of sulphide of ammonium should not causa 
atdaclc coloration (lead and iron). The remaining liquid ehnuld leave no 4zed 
reddne on evaporation and gentle ignition (non-volatUe metals). When dilnted 
whh 5 volumes of water, it should not liberate Iodine from test«>lutlon of iodide 
of potaseium (aba. of chlorine), nor should 10 C.c. of the diluted acid be precipi- 
tate wltlUnflve minutes after the addition of 30 drops of test-solutloDot chloride 
of barium (sulpbnric acid). If another portion ot the dilnted acid be treated 
with test-sine, tke evolved gas should not blaclcen paper wet with test-solution of 
nitrate of silver (snlphuroUB or arsenous acid). 

The percentage strength can be ascert^ned by means of standard sodium 
hydrate solution, 

Btrengtb. — The various official hydrochloric acida compare as follows: 



Ph«riIi««)p<Fl.. 


Percent. HC!. | ^Ur ^"^.=1.000., I'^-lX^otlc 




31.90 
81.90 
25.00 












Germany (1862) 
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Compoaition.— Absolute HCI contains 97.36 per cent of chlorine and S.74 
iper cent, of hydrogen. 

Onehvndred parts of the official hydrochlorlcacidof theU. 8. Pharmacopogla 
contaiiiB 81 parts of chlorine. 

tTsea.^For the preparation of certain other ciilorldes, chlorine, diluted 
hydrochloric acid, nltrohydrochlotlc acid, etc 

Action on metals.— DlseoWes iron and zidc readily. Warm hydrochloric 
acid dissolves tin. 

Saturating power. — 100 parts of the official (U. S.) hydrochloric acid, 
containing 81.9 per cent of HCI, will saturate alkalies as follows: 
Potassa (100 per cent. EOH), 49.06 parts... 



SolatioD ot potassa (5 per cent,), 081.2 parts _ 
Potasslnm carbonate (81 per cent.), 74.S6 parts 
Potasdum carbonate (100 per cent), 60.47 parts 
PotaauumMcarbonate(100perct),87.64 parts 

Soda (100 per ceolNaOH), 85.05 parte " 

Soda (90 per cent), 88.97 parts 

Solution of soibi (5 per cent.), 701.16 parts... 
Sodinm carbonate (100 per cent), 126.40 parts 
Sodium carbonate (96 per cent), 180.80 parts. 
Sodimn bicarbonate (100 per cent), 73.63 parts 
Sodium bicarbonate (99 per cent), 74.86 parts 



slum (^foride. 
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. Ammonia (NH,), 14.899 parts " 

Ammonia water (10 per cent.), 148.98 parta. _ . 
Ammonia water, atroDger (88 pec cent), 03.31 

AmmoDJum carbonate, 45.88 parts 1 J 

Commercial mnriatio acid.— This Is Impure hydrochloric acid, more 
or less yellow from Iron and other imparitiaB. It contains alsosnlphttric and biU- 
phurous acids, and araeoic, as we)l as free chlorine. The several strengths sold 
by manufacturers in the United States are ; 

18° Beaiim£=1.14ap. gr.^28 percent 
20° Besmne=l.lS sp. gr.=32 per cent. 
23° 6eaume=M8 sp. gr.=^S5Ji per cent 
A carboy of this acid is about 120 lbs. 



Qravity and Peroflntage Btrength of SolutloiiB of HCI. 
(Eolb.) 



H^."' 


8P^«r. 


«p,-^- 


a.s2 


1.011G 


1.0108 




8.80 


1.0202 


ijom 




6.se 


1.038S 


1.0310 




11.08 


1.0581 


1.0S57 




15.S0 


1.0803 


1.0761 




18.87 


1.0988 


1.00ti 




20.91 


1.1101 


1.1048 




28.T2 


1.1258 


1.1196 




SUM 


1.1870 


U80e 




39.73 


1.1569 


1.1504 




81.S0 


1.1668 


1.1588 




84.84 


1.1806 


1.1780 




86.S8 


1.1981 


1.1844 




88.67 


1.3026 


1.1988 




40.51 


1.8110 


1.2021 




41.72 


12165 


1.8074 




48.09 


ijsie 


1.2124 





DII.T7TED HTDBOCHLOBIC AGID. 

AOIDUH HTDBOCHIiOBIOUK DII.trrUH. 

Hydrochloric acid, by -weight 6 parta. 

Dietilled water, by -weight 13 parts. 

Poor the acid into the water, and preserve the product in gloss 

stoppered bottles. 

Description.— Diluted hydrochloric acid c<Hit^nB 10 per cent, of abaolute 
hydrochloric acid. It has the ep. gc. 1.049, and shonld respond to the same 
reactloaa and tests as hydrochloric atSd. Its sp. vol. is 0.058. 

18.8 C.c of normal sodium hydrate 
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Saturating power.— 100 psrtB of the official (U. 8.) diluted hrdrocbloric 
add, contoiniog 10 per cent of HCl, ^irill aatunte alkalies as follows: 

PotasBB (90 per ceaL), 17.09 parts 1 

Solution or pot««ra (5 per ceat), 807.09 parts. I Yielding 20.44 paita of po- 
Potassiom carbonate (81 per cent.), 23.40 parts f tassium chloride. 

PotaSBiiuD bicarbonate, yr.47 parte j 

Soda (90 per cent.), 12JZ1 parte __ ; 1 

Solntlon of Boda (5 per cent), 219.78 parts 1 Yielding 16.0S parts of sodl- 

Sodlnm carbonate (96 per cent), 40.EQ parts. . r um chloride. 

Sodlnm bicarbonate (99 per cent.), 28.31 parts. I 

Ammonia water (10 per cent^ 46.70 parts 1 

Ammonia water, stronger (28 per cent), 16.68 I Yielding 14.67 parts of am- 

parls t iBonimn chloride. ■ 

AmmoDiom car1>onat«, 14.88 parts { 



NITBOHTDBOCHLOBIC ACID. 

A.OIDUU 27ITBOHYX)BOCHI^BICUK. 

[XITBOinTBU.TI0 AOID.] 

Nitrio acid, by weight 1 parts. 

Hydrochloric acid by wcdght 15 parts. 

Mix the acids id a large glass beaker, and, when efFervescence has 
ceased, pour themixtnre into a glass stoppered bottle, which should not 
be more than half filled. Keep it in a oool, dark place. 

Beaction.— HN0,-|-8Ha= N0C1+C1,+2H,0. 

ITotea.—When strong nitric and liTdrochloiic acids are mixed both decom- 
pose, and free chlorine Is formed in thellqaid, which, therefore. Is capable of dis- 
•oItIiik gold, and has long been known under the name of " aqna regia." The 
nmrtlHt^J Yalue of the preparation also depends upon the free chlorine (and 
nltroifl chloride) it contains. The Phanuaoopceial direction to keep it in bottles 
not more than halt filled Is intended to prevent the possible bursting of the bottle 
■honld tike evolution of gat not have been completed before It was bottled. The 

eflerveecence which always takes ph ' ' •- -" — ^— L_.___.t_ 

product la bottled, tbe acids should be 
radon should be kept in a eootplaee. 

Canmnst be exercised In handling this acid. Chemical action most be com- 
pleted before It, or any mixture containing it, should be dispensed. 

DescriptiOQ.— A golden-yellow fuming and extremely ctwrosive liquid, 
having a strong odor of chlorine and a strongly acid reaction. Wholly TolatlliEed 
by heat BescUly dissolves gold leaf. A drop of nltrohydrochloric acid added 
to test-Bolutitm of potoselnm Iodide, liberates iodine to abundance. 

DILUTED HITBOHTDBOCHLOBIC ACID. 

ACnsinC NITBOHTDBOOHI.OBZOmi DIIiUTITlI. 

Nitric acid, by weight 4 parts. 

Hydroohlorio add, by weight 15 parte. 

Distilled water 76 parts. 
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Mix the ondiluted acids in a large glaBs beaker, and, when eBervex- 
cence has ceased, add the dietilled water. Keep the product in a glas^ 
stoppered bottle in a cool place. 

IfoteB.— The chemical reactioD has b«en espldned ia the preceding article. 
It does not take place except when andiluted acids are used, and the reacdon 
most be entirely completed before the water is added. 

Description.— A colorless or faintly yellow liquid, odorless, ot haviDc a 
slight odor of chlorine, and a very add taste and reaction. Wholly volatjlized^ 
heat Liberates iodine from test-aoloUon of potasalimi iodide. 



FOTASSIUU CHLOBIDE. 
POTASSn CHIiOBIDirH. 

KC1=74.4. 
Exists in combinBtion with magnesium chloride as camallite in the 
great salt mines at Stassfurth, Germany, 

Experimentoll}' it may be made as follows: 

Potassium bioarlwnate 10 parts. 

Water 20 parts. 

Diluted hydrochloric acid, sofficient. 
Pnt the potassium bicarbonate in a porcelain capsule, add the 
water, and heat until effervescence ceases. Then gradually add hydro- 
chloric acid imtil the liquid becomes neutral to litmus paper. This 
will require about 36.4 parts of the official diluted hydrochloric acid. 
Filter, aad evaporate to dryness, stirring constantly toward the dose, 
nntil a granular salt remains. 

It ia white, or colorless, inodorous, and has a pure saline taste. 
S<duble in 3 parts of cold and 2 parts of boiling water. 

The crude potassium chloride from Staseforth is very largely 
employed for the manufacture of other potassium salts. 



require 25 C.c. of ^ silver nitrate solution for preclpltatioD 

Test for traces of sodium by flame, and for traces of snlphates by solution of 
barinm cUoride. 

Bpeoiflo Gravity and Percentage Strength of Balutdona of KCL 

(Gerlach.) 
Per cent Sp, er. 

of KCl. 16°. 



1.10086 
1.18606 
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SODIUM CHLORIDE. 
80DII CHLOBISTnil. 



Occurs nativa in extensive beda aa rock gait, and also contained in 
ealine springs and in sea-water. Large quantities are obtained in vfiri- 
OOB parts of the United States. 

Desariptioii.— Appears In commerce m a coatae white crystalline powder, 
in coarse eralns for honaebold use, and for the preservatioa of meats on the lar^ 
scale, and in masses of rock salL The last form ia often Impure and higlitj 
colored. 



solution for alkaline earth metals br addition of amraoDla water to alkaline reac- 
tion, and Bolntlouof ammonium carbonate; a precipitate should not form. 

.1168 Om, or the dry salt should require 20 C.c of ^ silver nitrate solution 
for precipitation. 

Speciflo QraTity and Peroentage Strength of Solntiona of ITaCl. 

(Gerlach.) 

Per cent Sp. gr. 

of NaCl. 15°. 

1 1.0078 

3 1.0145 

8 1.0317 

4 1.0S90 

5 1 1.08628 

« -. 1.0487 

7 1.0511 

8 1.0685 

9 - 1.0659 

10 1.07385 

15 1.1114 

80 1.15107 



LITHIUU CHLORIDE. 

UTHII CHLOBIDTTM. 

LiCl=42.4. 

Prepared hy nentr&lizing hydroohlorio -acid with lithinm carbonate, 

filtering, and eraporating to diynesa dnring constant stirring so as to 
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obtaia a granulated salt; 37 parts of lithium carbonate reqaire 364 
parts of dilated hydrochloric acid. 

Desoription.^Obtained bs clear crjetals nr as white granules. Very 
deliquescent and very easil; soluble in alcohol. 

Testa.— Completely solable in water and alcohoL It is predpltated from 
the aqueous ealnllon, made alhallue by sodium hydrate, as fine crystals of phos- 
phate by addition of solution of sodium phosphate. 



AMHONIUM CHLOBIDE. 

AHHOmi CHLOBXDUH. 

(UTTBIATX OF AM MOITU. SAIi A1UIOKU.O.] 

NH.C1=53.4. 

Prepared from gas liquor, the ammonia contained in that liqnor 
being neutralized with hydrotdiloric acid. By sublimatioD the chloride 
is freed from most of the impurities derived from the cmde materials. 
It oaually occnrs in solid crystalline masses, more or less discolored by 



FT7RIFIED AMUONIUH CHLOBIDR 
AHUOnn CHLOBIDUH FTTIlZFICATtTH. 

NH.C1=53.4 

Cmde ammonium chloride 20 parts. 

Ammonia water 1 part 

Water 30 parts. 

Dissolve the ammonium chloride in the water with the aid of heat, 
add the water of ammonia, continue the heat a few minutes, filter, and 
evaporate the filtrate to dryness with constant stirring. 

The object of adding the ammonia is to precipitate any iron present. 

SesoriptiDn.—A whitecTystallinepowder.veryeasily soluble in water, bat 
not hygroscopic. 

Teatfl. — Should be completely volaUle witliout odor of organic substances. 

The solution In water should give no test for sulphates when acidified with 
bydrocbloric acid and treated with barium chloride. 

.1068 Gm. should require 20 Co. of ^ sliver nitrate solution for predpitatlon. 
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Speoiflo Qravlty and Peroentage Strength of Solntions of irH,CL 

(Oerlach.) 

Per cent. Sp. gt. 
of NH,a. 16= 

5 1.0168 



1.0563 
1.0780 



babittm chlobide. 
babu chloridum. 

BaCl,2H,0=243.8. 
Frepared by neutralizing hydrochloric acid with barium carbonate. 
The filtered eolution is acidi£ed with HCI and evaporated to crystalliza- 
ti<m. The concentrated Eolation may also be precipitated by alcohol, 
which will hold the chlorides of calcium and etrontimn in solution. 



Tests. — The Bolutioa In water ahould be clear, and ahonld be completely 
precipitated bj dilute sulphuric acid, or solntion of potassium chromate. 

.3488 Om. should require 20 C.c. of ^ silver nitrate solution for precipitation. 



CALCIUM CHLORTDE. 
CALCn CHLOBEDITH. 

CaCl,= 110.8. 

Prepared by nentralizing hydrochloric acid with calcium carbonate, 
filtering, evaporating to dryness, and fusing the residne at a low red 
heat 

Doooription-^So prepared It forms a hard white semi-transparent moss 
ve^ soluble in water. Another fonn is obtained by heatinc the cry BtalUzed salt 
to ^00° C. Itcont^ns two inolecuIeB of water, is porous, and Is employed la dry- 
ing eBses and organic liquida. A third form has the constitution CaCi^.dHjO, and 
conustB of transparent crystals. 

All forms are very quickly soluble In water. 

Tests. — The water solution should be completely precipitated by solution of 
ammonium oxalate. 

After precipitation of the calcium by ammonia water and ammonium carbon- 
ale the filtrate ahould give no teat for magnesium on addlUon of aolutlon of 
sodium phosphate. 
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'er nitrate solution precipitates .UOS Om. of th« pure salt 



SOLTTTIOir OF CALCIUM CHI.OBIDE. 

ZiIQUOB CA1.CIZ OHIX>BIDI. 

Wliite maible, in powder 250 Gm. 

Hydrochloric acid 500 C.c. 

Water 400 C.c. 

Mix the acid and water; add the marble dnst, a little at a time; 
when efFerveBcence has nearly ceased, heat the mixtm!e over a water- 
bath Tintil no more marble dissolves. Let eettle. Decant the clear 
liquid and evaporate to dryness in a tared capstde; dissolve the residue 
in one and one-half times its weight of distilled water. Filter. 

Eeaotion.— CaCOj+aHCI = CaCl,+CO;+HjO. 

Speoiflo GraTity and Percentage Strength of Solutions of CaCl^. 
(Gerlach.) 



ZINC CHLOBISE. 
znrCI CHIOBIStTH. 

ZnCl,= 185.7. 



.0430 

.0870 



Prepared by dissolving zinc in hydrochloric acid, and evaporatiog 
the solution to dryness and fusion, and then allowing the product to 
oool. See remarks under solution of zinc chloride. 

iDeBoription.^Hofd, dirty white masBeB, which are very dellqueecent, form- 
ing a clear abludon with water. 

Also soluble in alcohol. Very sharp, caustic taste, with acid reactioa. 

Teats. — The solution in water should give a perfectly white precipitate with 
ammonlnm sulphide, or aolntlon of potaa^um f enocyanide. 

Should be precipitated white by Bolution of ammonium carbonate, and soluble 
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SOLTTTIOir OF CHI^KIDE OF ZIKC. 

IiZQUOB ZINOI OHZ.OBIDL 

An aqueous sdiutioQ of chloride of zino (ZaCl], 135.7), containing 
aboat 50 per cent of the salt. 

Zinc, granulated 20 parts. 

Nitric acid 1 part 

Precipitated carbonate of zinc 1 part 

Hydrochloric acid, distilled water, each aufficieat 

To the zinc, contained in a bottle, add gradnaDy enough hydrochloric 
acid to dissolve it; filter the eolation, add the nitric acid, evaporate to 
dryneea, and bring the dry mass to fusion. Let it cool, dissolve it in 
15 parts of distilled water, add the precipitated carbonate of zinc, and 
a^tate th© mixture occasionally during twenty-four hours. Finally, 
filter through washed asbestos free from iron, and pass enough dis- 
tilled water through the filter to make the product weigh 80 parts. 

Heaotion.— Zn+BHCl-ZpClj+Hj. 

lHotBA. — The metal dissolves with evolution of heat Instead of adding the 
acid to the zinc, the metal may he ^adually added to the acid. After the acid 
has been saturated the solution is digested with an excess of eIqc to precipitate 
any foreign metals present (Co, Pb, Aa, Od). Iron and manganese, however, If 
present, are not precipitated by that means; they are removed hv shaking the 
solution with zinc carbonate after first converting the ferrous into ferric chloride 
by means of nitric acid. The solution is evaporated to dryness and the salt fused 
to remove any excess of nitric acid. When the fused chloride ^s redissolved in 
water and the solution treated with zinc carbonate, the Iron is separated as ferric 
hydrate. 

Solution of zinc chloride cannot be filtered through paper, because the latter 
swells until its pores are closed and Is then corroded. It may be filtered 
through powdered and washed glass, or through purified asbestos. Decantadon 
is sometimes sufficient. A dilute solution may be filtered through paper, but the 
organic substances then taken up by it blacken the product as soon as sufficiently 
concentrated hy evaporation. 

Desoription.— A heavy, strongly caustic solution, which should mis with 
alcohol without precipitation. It bas tile sp. gr. 1.55S, and the sp. voL 0.648. 

Tests. — As for the solid substance. 



^leoiilo Gravity and Feroent^^ Strength of Solutloos of ZnCl,. 

(Kremers.) 

Per cent 6p, gr. 

of ZnCI, 19.S°. 

18.876 1.137B 

86.819 1.2466 

87.488 1.8868 

49.887 1.5651 
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SOLUTION OF ALUMZNTUH CHLOBIDK 

ZJQUOB ALUHnm CHLOBTDI. 

Galoitun chloride 50 dm. 

■Almn, in powder 100 Gm, 

Water, enjEQcieuL 

DiBsoIve the calcinin chloride in 250 C.c. of water, and the alom in 
750 C.c. of boiling water. Mix the solntiona Filter, rejecting the pre- 
cipitated calcium snlphata Add enough water to the filtrate to make 
it measare one liter. 



FERROUS CHLORIDE. 
FEBIU CHZABIDTTH TZBIDE. 

FeClr4H,0= 198.8. 

Iron wire 15 Gm. 

Hydrochloric acid 60 C.C. 

Distilled water 30 C.c. 

VisBolve the iron in the acid and water, preTiooaly mixed; when 
effervescence has ceased, heat to boiling. Let settle, decant, wash the 
nndissolved iron with a little water, adding the washings te the decanted 
liquor, filter while hot, and crystallize, fiemove the crystals from the 
mother liqnor, drain them in a fnnnel, and pnt them at once in a bottle. 

Heaotlon.— Pe,-|-4HCl=2FeCl,+3Hj. 

ITotea. — FerronB chloride is la green crystals, which Boon become brown from 
oxidaUon. 

One hundred Gm. of official hydrochloric acid yields about 87 Gm. of ferrooB 
chloride ; aad 100 C.c. of the acid yields about lOD Gm. 

GLTCEBITE OF FEBBOUS CHLORIDE. 

OIiTOBBITUlI FBBHI CSX.OBIDI VIBIDIS. 

Iron wire 15 Gtm. 

Hydrochloric acid 50 Cc. 

Distilled water 30 C.c. 

Glycerin 70 C.ft 
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Dissolve the iion in the acid and vater, previously mixed; vhen 
effervescence has ce&sed, heat to boiling. Let settle, decant, wash the 
nadiesolved iron with a little water, adding the washings to the 
decanted liqnor; filter; add the glycerin and evaporate the mixture 
until reduced to 100 O.o. 

Each C.c. contains 0.50 Gm. of ferrous chloride. 



FERRIC CHLOBISE. 
YERBl CHI.OBIDTTU. 

Fe,Cl,12H,0= 640.4 

Iron wire, cut into small pieces 15 parts. 

Hydrochlorio acid 86 parts. 

Nitric acid, distilled water, each sufficient 

Put the iron into a flask capable of holding two or three hundred 
parts of water. Add 54 parts of hydrochloric acid diluted with 25 
parts of water. Set it aside in a warm place untU effervescence ceasee. 
Heat to the boiling point, filter, and, having rinsed the flask and undis- 
solved iron with a little hot water, pass the rinsings also through the 
filter. Add 27 parte of hydrochlorio acid to the filtrate, and add this mix- 
ture, a little at a time, to 8 parts of nitric acid contained in a capacious 
porcelain dish, waiting after each addition tintil effervescence subsides 
before adding more. After effervescence has ceased, heat the liquid 
over a sand-bath until it is free from nitrons odor and ceases to give a 
bine precipitate with test-solution of potassium ferricyanide. So long 
as this reagent causes a blue precipitate or a blue color, more nitric 
^acid must be cautiously added and the heating continued, the excess 
of nitric acid to be driven off. When the liquid is free from ferrous 
salt, and tree from nitrous odor, add 5 parts of hydrochloric acid and 
enough distilled water to make the whole weigh 80 parts. Set this 
aside in a porcelain dish, covered with a piece of glass, until it forms a 
solid, crystalline mass. 

To loosen the mass from the dish, warm it gently. Having 
removed the chloride, break it into pieces, and keep it in a glass stop- 
pond bottle, protected from light 

Beaotiona.— Firat, Fe,44Ha=SFeCl,-|-3H,; 

then,flFeCl,-HHCl-f2HNO,=8FejCl,-fNjOj-|-4H,0. 
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<wder that the den^^of the solution of ferrous chloride mt^not be bo great ag to 
retard the chemical action, the Pharnutcop«eia directs that the hydrochloric 
acid be diluted before the iron is added. Tile evolution of hydrogen may cease 
before all the HCI is decomposed t>y the Iron at the ordinary temper&ture, but 
■when the liquid is brought to the boiling point the acid Is completely saturated. 
Some ferric chloride is formed before the acid is saturated, especially if the Iron 
was rusty; but after boiling the liquid trith the excess of iron present the solu- 
tion contains ferrous salt only. 

The solution of ferrous chloride Is then to be treated with hydrochloric and 
nitric acids to convert it into ferric salt. When the solutloa is concentrated this 
may be accomplished at little above ordinary room temperature. When the 
solution Is dilute, on the other hand, & temperature near the boiling point is le- 
(juirod to complete the reaction. A good rule is toe^uporate the solution of femws 
chloride uutll it has about 1.80 sp. gr., and after adding the additional quantity 
of hydrochloric acid prescribed, to add (his solution slowly, alittie at a time, to 
the nitric fccid. If all of the BoluUon of ferrous chloride is added at once, the 
reaction is too violent, the red fumes being evolved so copiously and suddenly that 
the liquid may boil over. The most suitable temperature at which the reaction 
may be carried out la between 100" and 110° O. (212° to 280° F.). 

A small excess of nitric acid is unavoidable If the solution la to be entirely 
free from ferrous salt This excess of nitric acid must be evaporated away, 
which is not an eas^ matter. A greenish brown coloration with test-solution of 
potassium ferricyanide is allowable, indicating merely tracea of ferrous salt. But 
even then the excess of nitric acid liable' to be present requires considerable 
evaporation to get rid of it. Wlien the solution of ferric chloride is at last 
perfectly free from nitrous odor, and containsnot more than traces of ferrous 
salt, the last addition of hydrochloric acid is made, and the distilled water added. 
This hydrochloric acid is added to prevent the formation of basic chloride. 

The Pharmacopceia prescribes that the solution of ferric chloride be evapo- 
rated down to a given quantity by weight. It mtty preferably be evaporated 
down until a' smsllsaiuple taken out and cooled no longer gives oS acid vapors in 
the air, or has a pronounced odor of HCI, and the liquid has about 1.63 to 1,65 sp, 
gr. ot 25° C. (77° F.). This procedure is always necessary In cases where any 
poriion of the liquid has been lost by accident at any stage of the process. 

The chloride ciyatallizes readily, even within twrive hours, if of proper 
strength; but may not solidify for Several weelcB if too strong. When the evapo- 
ration has been carried too far, the liquid does not cont^n enough wat°r of 
crystallization, and in that case It must be placed la a cool,' moist atmosphere, 
from which tne necessary additional moisture may be absorbed. A solution 
containing just enough hydrocliloric acid crystallizes more readily than one that 
is not acid enough, and yields a lighter-colored and harder crystalline mass. 
The crystallizatioD also proceeds more satisfactorily in a loosely covered dish 
than In a closely covered vesseL 



Tests. — The solution should be completely precipitated by slight axcMs of 

Solution of potassium ferricyanide should give only a brownish color, and 
not a blue. 

To detect nitric acid, left by the process ot preparation, add a few Cc. of 
strong sulphuric acid to an equal volume of solution. When the mixture has 
cooled, place in it a crystal of ferrons sulphate. The appearance of a brownish 
color or zone In the Iwttom of the test tube would be due to the reduction of 
nliric acid. 

Compositioii. — Ferric chloride as obtained by the official process contdns 
12 molecules (about 40 per cent) of water, and about 60 per cent, of anhydrona 
ferric chloride. It contains 20.7 per cent of iron and 8D.8 per cent of chlorine. 
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AHUONIO-FEBBIC CHI.OBIDE. 

fbilbi bt ahuonti chloeudvh. 

ifijObes uIhtis.] 

Ferric chloride 20 Qra. 

Amrooniam chloride 180 Qm. 

Diluted hydiwhloric acid 10 C.c. 

Distilled water 250 C.c 

DissolTe, filter, and evaporate the filtrate over a water-batli, daring 
constant stirring, to dryness. 

Pat the dry product at once in a glass stoppered bottle and keep it 
protected from light. 

An orange yellow, deliquescent powder. 

SOLUTION OF FEBBIC CHI.OBIDE. 

IiIQnOB PSBBI OHZ.OIIISL 

An aqueous solution of ferric diloride, containing 37.8 per cent, of 
the anhydrous salt (Fe,Cl,), corresponding to 62.98 per cent of crystal- 
line ferric chloride (FejClrlSHiO), and containing also some free hydro- 
chloric acid. 

Iron wire 15 parts. 

Hydrochloric acid 86 parts. 

Nitric add, distilled water, each sufficient. 

Dilute 54 parts of the hydrochloric acid with 25 parts of distilled 
water ; saturate it with iron, and oxidize the ferrous salt to ferric by means 
of 27 parts of hydrochloric acid and 8 parts of nitric acid, as described 
under Ferric Chloride. When the solution no longer contains ferrous salt, 
and all nitrous odor has been dissipated, add 5 parts of hydrochlorio 
acid and enough distilled water to make the total product weigh 100 
parts. 

notea.~Tbe reactions, &nd the seTeral steps of the process, are explained 
under the title, Perric Chloride. 

A Bolunon of fenic chloride cuinot be permanent without the presence of 
free hydrochloric acid. In the abeence of a aufflcient quantity of HCl, a basic 
ferric chloride is formed, which precipitates. To redlasolve this yellow basic 
ult requires more hydrochloric acid than it takes to proveiit Its formation. Con- 
tinued beating results In the loss of HCl and the formation of yellow oiycbloride; 
if, however, sufficient HCl is present, nu precipitate Is farmed, but the solution 
becomefldarkerlncolor,aferricchlpriiiewitbSmoleculee of water being formed. 
After standing some time, however, the darkened solution resumes its origloat 
color, and then contains the chloride with 12 molecules of water. Weak solutions 
are more readily altered, and when darkened by heating do not resume a lighter 
color on standing. 
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Sunlight decomposes ferric chloride slowly Into ferrous chloride «id chlorine. 
In the presence of organic subetances, such as alcohol <»■ ether, this roduction Is 
more rapid. 

Solution of chloride of iron maj also be made by dissolving ferric oxide or 
ferric hydrate in hydrochlOTlo acid. The oxidation of ferrous to ferric chloride 
may be effected by conducting chlorine gas into the solution of ferrous chloride, 
or by means of hydrochloric acid gnd potassium chlorate. The last mentioned 
method is attended with danger frOm explosion of the chloric acid. 

In preparing ferric hydrate from the official solution of ferric chloride 100 
parts of this solatioa require about 185 parts of ammonia water (an excess.being 
nBcessary); 100 parts of solution of ferric chloride, contMuing 87.8 per cent, of 
Fe,Cl„ will yield 24.98 parts of ferric hydrate (Fe^OH]^ Official soluUon of 
ferric chloride contains, slightly more tnan 18 per cent, of metallic iron, corre- 
sponding to 18.08 per cent, of ferric oxide, and 100 parts of the solationeqnals 103 
parts of solution of ferric sulphate in contents of metallic iron. 

Strengtli.— The relative strengths of the various official solutions of ferric 
chloride are as follows; 





8p.gr. 


PeromLParfa^ 




1.406 
1.480 
1.110 
1.281 
1.300 
1.800 


















86 











Desoriptioii.— A clear reddish brown solntion, with acid reaction. Sp. gr. 
1.406; ap. vol. 0.713. 

Tests.— As given for the crystals. 



^woiflo Qravity and Feroentage Btrength of SoIntioiiB of Fs,01«. 

(Franz.) 

Per cent Bp. gr. 

ofFe,CV ft-'^. 

5 1.0868 

10 - 1.0784 

15 1.1184 

aO _ 1.1642 

36 1.3053 

80 1.3568 

SB 1.8098 

40 1.8623 

45 , 1.4242 

60 1.4867 

6S 1.5682 

60 1.6817 



BBTTISH 8TBONO SOLUTION OF FSBBIC CHZORIDK 

LZanOB FBSBI FKBCHI>Oan)I TOBTIOBi B. 

Iron wire .80 Gm. 

Hydrochloric acid 410 Co. 

Nitric acid 30 C.tt 

Distilled water, sofBoient 
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Pnt the iioit in & flask; add a mixture of 250C.C. of hydrochlorioacid 
andl-lOC.c. of water; digest at a moderate heat until efferreseenoe ceases; 
then heat to boiling; "filter the liquid from the nndiseolTed iron, rinsing ' 
the fiaak and contents with a little water and pouring tihia over the 
filter; mix the filtrate with 140 O.c. of hydroohlorio acid; add the mixture 
Tery slowly to the nitrio acid contained in a capacious porcelain dish, 
promoting the evolntion of the red fumes, if necessary, by a elight 
application of heat Evaporate the product until no more nitrons 
Tapora escape and a precipitate begins to form; then add 20 C.c of hydro- 
chloric acid and Buficieot distilled water to make the final product 
measure 350 C.c. 



TlNCri/UE OV TEBSia OHLOBIDE. 

TIHCTXTBA VSSBl OHIiOBIDI. 

Solution of chloride of iron 35 parts. 

Alcohol .... 65 parts. 

Mix the liquids and let the mixture stand in a closely covered ves- 
sel for at least three months; then transfer it to glass stoppered bottles. 

ITotas. — It is to be observed that the alcohol la midllated; the solution of 
«Uoride of iroD contalds free hTdrochloric acid, and this aetfag upon ths alcohol 
gives riae to the fonnatkni of chlorhuted ether compoDuda, which are coiuideied 
Sy tome to be vmlnable constKaents of tha prepantlon. These componnda are . 
fonned very alowly, and henca the directiDii of the Pharmacopeia to allow the 
mlxtore to elwid at least three moathe. 

nnctme of chloride of iron when recently prepared la considerably darker 
than it will be after standing for aome weeka or months exposed to light. This 
la due to a reductioo of the ferric to ferrous chloride, and owing to the presence 
of alcohol Id the preparation, the formatlou of ferrous chloride Is Inevitable. 
Hence the official test reqnirhig the absence of ferrous salt Is one that the prepa- 
ration nerer can aatlaty. 



'BTH' F**-'Wi*T. TIHO'J UlU OV OHIiOBIDB OV XBOZT. 

TUTOTURA. PEBBI OHLOBIDZ .STHBHUA. 

Ferric chloride 20 Ghn, 

Distilled water 20 C.a 

EUier 160 Co. 

Alcohol 500 C.C 

Dissolve the chloride in the water in a bottle; add the ether; cork 
tiie bottle, shake well, and set the mixture aside for twenty-fonr hours. 
Separate the clear ethereal liquid; mix it with the alcohol in a glass 
stoppered bottle, and set the mixture in the sunlight, shaking it occa- 
sionally. 'Wfawi the yellow color has entirely disappeared, put the 
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mixtnre ia a shaded place, removing the stopper frequently, until the 
y^ow color retumfi. 

Notes. — The preparation contains ferrous chloride, basic ferric chloride, 
ethjl chloride, aldebjde, and hydrochloric acid. It is official la the Oermaa 
Pharmacopeia. 

Should be kept In well closed bottlea in a dark place. 



TINCT1TKE OF OITBO-OHLOBIDE OF ZBOIT. 

"TINOTTnU. PBBBI OFTBO-OHIiOBIDI." 

(New York and Brooklyn Formulary.) 

Solatioa of chloride of iron 25 Co. 

Citrioaoid ■ 26 Gm. 

Sodium bicarbonate 28 Gm. 

Alcohol 25 C.c. 

Water, enough to make 100 C.c 

Dissolve the citric acid in 25 C.c of water, heat to boiling, and 
gradually add the sodium bicarbonate. When effeirescenoe has ceased, 
add the solution of chloride of iron. Let cool. Now add enongh 
water to make the liquid meaBure 75 C.c ; finally add the alcohol. 

DTotas. — The greenfeh color, and the absence of styptic tasM in this prepara- 
tion, show that some chesiical combination between the ferric chloride and the 
sodium citrate takes place. 



SUBLIMED HERCTTBOnS CHLORIDK. 
HYDBASGTBI OHLOBIDtTU UITE. 



[OAI.OHBI..] 




Hg,Cl, ==470.4. 




Mercuric sulphate 

Mercury 

Sodium chloride, dried 

Boiling distilled water, sufQcient. 


10 parts. 

7 parts. 
5 parts. 



Moisten the mercuric sulphate with some of the water; add the 
mercury; triturate until metallic globules are no longer visible; add 
the sodium chloride and mix the whole thoroughly by long continued 
trituration. Sublime by a suitable apparatus. Wash the sublimate 
with boiling distilled water tmtil the washloga cease to be darkened by 
a drop of ammonium sulphydrata Dry it at not over 100° C. (212° F.). 

Beaction.-Hg90,+Hg=Hgj80,;then,Hg;80j+3Naa=Hg,Cl;+NB,80,. 
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Notes.— Sabllcned calomel 1b ^ellowisli white when prepared In imall quui- 
titieB ftnd with the ordinarj apptirntuB, aa Basks or retorts. When prepared In 
large quantities, the condensation being effected tn luge chambera into which 
eteam is Injected, the product Is nearly white, and more finely divided. 

Calomel may also oe made by triturating 4 purtfl of mercuric cUorlde with 3 
parts nf mercury until metallic globules are nolongertobe seen, keeping the mb:' 
tuts moist with a little alcohol to prevent the poisonous powder from rising in 
the^r; then d^ing the mixture at a moderate beat, and putting it into small bot' 
ties (aboDt 800 C.c. capacity) with thin bottoms, the bottles to be only one-third 
Biieo, closing the necks ot^the bottles loosely with chalk stoppers, and subliming 
on a sand-bath, the heat to be at first moderate and gradually increased until the 
process is completed. The sublimate is crystalline and muW be triturated with 
warm water a long time until reduced to an extremely fine powder, and free from 
mercuric chloride. This is levirated calomel. 

If the mixture of mercoric cnloride and mercury is carefully dried and heated 
over a aand-bath with constant atirring, this operation beini; performed under a 
hood, with a good draft, the moisture, mercTUlc chloride anomercury will pass off 
firat, iearlng nearly pure mervorous chloride, which is then sublimed as already 
desoibed. 

The heat most not be too hlgli, for then the calomel Is decomposed Into mer- 
cury and mercuric chloride. As the sublimate is deposited immediately alxive 
thelevettrftheeand, the bottles should t>e buried in thesandnpto]ast above the . 
level of their c<Mitents. 

The bottle mast be broken to remove the sublimate. When still warm n is 
best detached by moistening with a little water. After a few days it readily 
comes oS without moistening. 

DOBCripttoii.— A fine white powder with very tlig/it tinge of yellow. It is 
without tasie, and is insoluble in water and alcohol. It volaUlizee completely by 
beaL Bp. gr. 6.68. 

Tests.— Blackened by addition of ammonia water. 

Shake several Qm. with water, fllCer, acidity the filtrate with a drop of 
hydrochloric acid, and Immerae in it a sbrlp of copper. This should not become 
coated with a gray film. A second water solution, prepared In Uie same way, 
should not blacken on addition of hydrogen sulphide. 



FBECIFITATED MBRCUBOns CHLOBZDX. 

HTDaABOTBI OHIiOBIDDU HJTB PaAcrFITATTTSC. 
[FBBOIFITATBD OAIiOHBIi.l 

Hg,a,=470.4. 

Mercury 800 Gm. 

Nitric acid 270 Co. 

Distilled water, hydrochloric acid, eash sufiSoient 

Put the mercnry in a tared flask; add 180 C.c. of nitric acid and 270 
C.c of water. Heat the Hask moderately oa a sand-bath, covering the 
month of the flask vith a watch-glass, and oontinae the heat without 
tDterraption for one honr after red fumes have ceased to be evolved, or 
antil the liqaid begins to aoqutre a yellowish color and to become 
slightly ittrbid. Pour the solution of meroaroas nitrate off from undis- 
solved mercuiy. 
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Mii90C.c. of nitric acidwith 1,800 C.c of boiling distilled water, and 
add this mixtore to the solution of mercurous nitrato while still hot. 

Then let it cool. To 5 C.c of the cold, diluted liquid, add gradn- 
ally 5 C.c of distilled water. If this addition of water should render. 
the merciuy solution tnrbid, more nitric acid should be gradually added 
to it until it will bear dilution with an equal volume of water without 
turbidity. 

Ascertain the quantity of mercury contained in the liquid by wash- 
ing, drying and weighing the undissolved portion remaining in the flask. 

Take a quantity of hydrochloric acid equal to twice the weight of 
dissolved mercury; dilute it with 1,800 C.c of water. To tiiis acid 
liquid add gradually and with constant stirring the dilute solution of 
mercurous nitrate. 

Wash the precipltete with cold distilled water, by affusion and de- 
cantation, until the washings no longer give an acid reaction to tect- 
paper. Dry the product at a temperature not exceeding 40° C. (104° F.), 

EoftOtlon.— 8HB,+8HNO,=8Hg^NO,),+N-0,-|-4HjO; and Bubsequenlly, 
Hgj(N0,),-(-2HCl^ fig,CIi-t-3HN0,. 



add enough nitric acid to render dilution possible, are rendered nsceflaaty by the 
facttbatotherwlBe the product mizht be contaminated bj baric mercnrous nftnie 
precipitated by the water mixed with Uie hydrocbloric acid. Dilute liquids are 
niKiesBary to prevent the formation of mercuric salt in the presence of the free 
nitric acid. 

Precipitated calomel ia bulkier than sublhoated calomel, is a very finely 
divided powder, and. If well washed and carefully dried, entirely inodorona, 
taateleaa, white, and free from mercuric chloride. 



HERCURIC CHLOBEDE. 
HTDBASaYBI CHLOBIDUU: COBBOSIVUU. 

[ooBBoanrs subumatb.] 

Hga,= 270.8. 

Mercuric fitdphate 20 parts. 

Sodium chloride, dried 16 parts. 

Black oxide of manganese, in fine powder. ... I part 
Beduce the mercuric sulphate and the soditmi chloride, each, to fine 
powder, and, ha^'ing mixed them and the oxide of manganese thoroughly 
by trituration in a mortar, put the mixture in an ap]>arattis adapted 
for sublimation, and apply sufBcient heat to cause vapors of mercuric 
chloride to rise into tlie less heated part of the apparatus which haa 
been arranged for their condensation. 
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Beaotion.— Hg60,+3NaCl=HgCl,+N&,80.. 

ITotea. — The black oxide of maugaDese is added to oxidize any mercurooB 
salt which may be present Id lite menmry aulphate. Toward the close of the 
sublimation the heat te raised to near the fusing point of the sublimate In order 
to obt^n a ciystftUine pioducL 

Mercuric chloride can be obt^ned in fine cryBtals by elowlj eTaporatlng Ita 
solution in dilute alcohol. 

When rnercnric chloride la powdered it should be kept moist with alcohol to 
prevent the poisonoas dost from rising. 

Desorlptloii. — A heavy crjetalllne salt, soluble In water and In alcohol. At 
& high heat It volatillzeB unchanged. 

Tests.— When dissolved in water It should leave no residue. 

The aqueous aolution, acidiBed with hydrochloric acid, should give do precipi- 
tate with barium chloride, but should be precipitated completely by hydrogen 
solphlda. The aqueous solution gives a red piecipltBt« with solution of potaa- 
sliun lodldB, wlUch ahonld be completely soluble In excess. 



AMHONIATED HEBCUHY. 
HYI>BABaYIlTJH AMUOIVU.TUH. 

[MXBOinuuEXozrnjic oetjobids: whub fbkizfitakb.1 
NH,HgCl= 251.4. 

mercoric chloride 50 Gm. 

Ammonia water, distilled water, each safficient 

I>issolTe the chloride in 1 ,000 Co. of warm distilled water; filter and 
allow to cooL Pour the filtrate gradually and during constant stirriiii; 
into 75 Ce. of ammonia water, taking care that the ammonia shall remain 
in excess when all of the mercnrio chloride has been added. Collect 
the precipitate at once on a filter, drain as mnch as possible, and then 
wash it twice, each time with a mixtore of 40 Co. of distilled water and 
2 Cc. of amnrania water. Finally, dry the precipitate between filter 
paper in a dark place at a temperature not exceeding 80° C. (8S° F.). 

BeacMon.— HgCI,+2NHjOH = NH,Cl+NHjHgCl-|-2HjO. 

Hotee- — When a solution of mercuric chloride is poured into ammonia water, 
the lUtsr being In excess throughout, the official ammonlsted mercury Is formed. 

When,however,tbeorder of mixing the liquids is reversed, tike ammonia water 
being added to the mercuric chloride, or when the mercuric chloride Is present 
In excess over the proportion of ammonia used, the product wlU be, or will 
eoat^a, NH^gCl),.Cl instead of NH,Hga. The NHjCHgaVCl is, howerer, 
converted Into Uie official mercurammoDiuni chloride when allowed to remain 
hi contact with an excess of ammonia for some time. 

Mercuranunonlnm chloride is perf ectiy white. A grayish color indicates that 
the solution of mercuric chloride was not Altered before adding it to the ammo- 
nia, whereby the calomel, which is always present in comistTe atibUmste, ^vee 
rise to mercnrons oxide. If warm llciuids are Dsed, or If the predpitale be 
washed with warm water ot too long, or if ammonia is not present In the washing 
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and drying, the product will be n: 

- minm (Sloride (aHg^HjN). - . 

._.'e !■ used In diyiog. Exposnia to light renders It grayiah. 

The preparation must be kept In well closed bottles, in a cool place, and 
protected from light. 



ToBts.— Heated with solution of potassium hjdrate, ammonia is OTolved and 
yellow mercuric o^ide precipitated. 

It Btiould be completely soluble in golationof sodium thlosolphate, with evo' 
IntioQ of ammonia. On heating, a red precipitate la Uirowa down,-vhiclt 
becomes black oo boiling (mercunc sulphide). 



CHLOBXDE OF GOLD AXFD SODIUIL 

AUBI ET SODn OHLOEIDUM. 

A mixtttre composed of equal parte of dry chloride of gold (AaCl^ 
and sodiom chloride. 

DeBoription.— -An orange yellow powder, soluble in water. It U decom- 
posed by heat, tnetallic gold Ming separated. 

Tests.— Should contain 83.4 per cent, of pnre gold. This can be determined 
by precipitating Its solution with solution of ferrons aulpbate, collecUng, waah- 
ing, drying ana weighing the precipitate. 



BISanTTH OXYCHLORIDE. 
BIBHTTTHI OXYOHIiORlDUlL 

BiOCl= 258.9 

Bismuth liO Gm 

Nitric acid 280 C.c. 

Sodium chloride 390 Gm. 

Distilled water, snfficleDk 

Mix the acid with 300 Co. ot wat«r; dissolve the metal in the mixture. 
Dissolve the chloride ot sodium in 4,000 C.c of distilled water, and 
filter. Poor the acid solution of nitrate of bismuth gradually and vith 
constant stirring into the solution of sodium chloride. 

Wash the precipitate with distilled watec first by decantaiiou and 
afterwards on a filter, until the washings are tasteless. Drain, and 
then dry the product between bibulous paper with the aid of gentle 
beat. 

Reaction.— BiONO,-fNaCI = NaNO.+BIOCI. 
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SOLTTTION OF ANTIMONT CHLOEIDE. 

LIQUOB AirnHOKII OHLOBIDI; B. 

Purified antimonious salphida 100 dm. 

Hydrochlorio acid 500 Co. 

Dissidve ihe Bolphide in the aoid by patting them togeth^ in a 
porcelain capsole, stimng constantly, applying at first gentle heat, 
increasing the temperature as the evolution of gas slackens, and finally 
bring the liquid to the boiling point. Boil for fifteen minutes. Then 
remove the capsule from the Bonroe of heat, and filter the liquid throngh 
moslio, returning the portion which passes first nntil the filtrate 
becomes perfectly clear. 

Evaporate the filtrate to 250 Co., and put it in a glass stoppered 
bottle. 

Sp. gr. 1.47 ; ap, vol. 0.680. It is a solution of SbCl, (molecular, 
weight, 226.2) in hydrochlorio acid. 

Reaction.— Sbi8,+aHCl=2abCl,+8H,S. 

NotO. — The operattOD mtiBt be condocted under each conditfons that the 



OXYCHLORIDE OP ANTIMONT. 
AITTIHOmi OZTCHI.OBIDUH. 

2SbCl,.5Sb,0,=1892.4. 

When a solntiou of chloride of antimony is poiued into water, the 
above named compound (formerly called Algaroth's powder) is precipi- 
tated. 

The reaction and other details have been given under Antimony 
Oxida 
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CHAPTER XII. 



BROHIDES. 

The bromicles of potaBHium, Eodium, lithium, ammonium, calcium, 
zinc and iron are ospd in medicine and pharmacy. All of these are 
water soluble. Bromide of irou is made by the action of bromine on 
the metal in the presence of water ; the otiber bromides are usually 
made by double decomposition. 



HTDROBBOmC ACID. 

ACIDtTU HYSBOBBOHXCUK. 



Snlpboric acid. 14 parts. 

Potassium bromide. 12 parte. 

Distilled water, sufBcient 

Put two parts of the water in a porcelain dish capable of holding 
about 32 parts ; stir the water into a rapid rotary motion-, then add the 
sulphuric acid slowly and in a thin stream, coDtinning the stimng with, 
a glass rod ; when cool pnt the mixture into a bottle. Put the potas- 
sium bromide, previously reduced to coarse powder, in the dish; add 
13 parts of water, heat the mixture by a sand-bath until the Balt^ is dis- 
solved, and while the solution is still hot add to it the sulphuric acid 
mixture, stirring briskly. Set aside for twenty-four hours. Decant tho 
acid supernatant liquid (hydrobromic acid) from the crystals of potas- 
sium snlpbate, and pour it into a suitable distilling fiaek. Wash tho 
crystals with a little cold water, and add these washings to the acid. 
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Pixyvide the flask with a perforated stop^ter and ealety tube, and 
fionneot it with a well cooled receiTer. Ihetil nearly to dryness. 
Ditnte the distillate with distilled water to the required streoj^tlL 

BoaotioiL— 2KBr+H,80,=2HBr+K^O,. 

Bg-produa. The potaiiaiam sulptute toss be washed with cold water, dried, 
sod saved. 



but is not official. Its epeciflc gnvl^ Is \SA 

The PhannacopmW acid haa the spetaflc gravity 1.070 at IB" C. (59° F.) & 
pared with water at4-4''C.(S9°.2]K) as l,00O(Squlbb). The Phamtacopixialgt 



rine or nitric acid to diluted hydrobromic acid, bromiae ie liberated, which is 
scdoble in chloroform or in disolphide of CArboii, impartiDg to theee liqaids a 
fellow color. Test eolutiiHi of nitrate of ailfcr causes a white precipitate, Insol- 
nUe in nitric acid and in water of ammonia, and Gparingly soluble in stronger 
mter of ammonia. 

"Oa being kept for some time, the add should not become colored; test- 
Kdntion of cUoride of barium should not produce a turbidity or precipitate 
{Bulpburic acid)." 

To aeuttalize 16.2 Om. of diluted hydrobromic acid should require 20 O.c of 
normal sodium hydrate solution. 



Speoiflo Gravltr and Feroentage Strengtli of Solutions of HBr. 

(Biel.) 

Per cent. Sp. gr, 

of HBr. 10*. 

1 1.008 

2 1.815 



LOW 
1.058 
l.Ofll 

i.oe» 

1.077 
1.0S5 
1.088. 
1.102 
1.110 
1.119 
1.127 
1.1S6 
1.145 
1.154 
1.168 
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Per cent Bp. gr. 

of HBr. 15° 

S5 _ 1.208 

80 1.280 

SB 1.814 

40 ■- — - 1.875 

45 : 1.444 

50 1.518 

The hydrobrcouic acid of 84 per cent. strengUi oan be oonvenieDtly 
dilated to 10 per ceiit. strength by mixing 5 ports of the strong acid 
with 12 parts of distilled water. 

Saturating power.— 100 parts of tlLe official (U. S.)bydrob[Oinic add, con- 
taining 10 per cent, of HBr, will saturate: 

PotaBSlmn btcarbooate, 13.37 parts "I Yielding 14.70 parte of po- 

Poteaslum carbonate (81 per cencX 10.54 parts. J tasdum bromide. 

Sodlnm bicarbonate (09 percent), 10.50 parts.. ] Yielding 13.73 parts of so- 
Sodinm carbonate (90 per cent), 1S.44 parts,.. | dium bromide. 

Ammonia water (10 per cent), 21.04 parte > 

Ammonia water, stronger (28 per cent.), IJil . I Yielding 12.10 parts of am- 

parta — _ f moninm bromide. 

Ammonium carbonate, 8.40 parts - J 



POTASSIUM BROMIDE. 
FOTA88II BBOMTDTTH. 

KBr^ 118.8. 

Iron wire, out 80 Gm. 

Bromine 240 Om. 

Potassium bicarbonate SOO Gm. 

Distilled water, sufficient 

Digest the iron and ISO 6m. of bromine with 500 G.c ot water in a 
flask until all odor of bromine ceases and a green solution of ferrous 
bromide is obtained. Filter; add the remainder of the bromine to the 
filtrate, and dissolve. 

Put the potassium bicarbonate into a dish with 1,000 C.a of distilled 
water, heat tmtil eServeecenco ceases, and then rsise the heat to boiling. 
Add slowly to this boiling hot solntion the filtered solution of the 
. bromides of iron. Boil the mixture for fifteen minutes. Filter, and 
evaporate the filtrate to dryness, stirring constantly, 

Beaction.— 3Fe-f6Br=8FeBr,; then, 8FeBr,4-8Br=PeBr^Pe,Br, [ then, 
PeBrpPejBr J-4K,C0, = eKBr+FeO.Pe,0,^-4COr 

l!Totfle.~The solution, after adding tbe Iron bromide to the potasdom 
carbonate, should be alkaline. 
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Ferrlco-terrous bromide ia need instead of ferrous bromide, because the Iron 
U then more easily and perfectly separated. 
Bee also notes ander Potassium Iodide. 
Fotaasium bromide is also prepared hj the following process: 

Solntioa of potassa . 2850 C.c, 

Bromine, about 2()0 Gm," 

Wood charcoal, in fine powder 100 Gm. 

Boiling distilled water 1500 C.c. 

Pat the solution Of potassa in a flask; add tlie bromine gradoally, 
with constant agitation, until the liquid has acquired a permanently 
brown color. Evaporate to dryness ; powder the residue and mil it 
-well with the obarcuaL Throw the mixture into a red hot iron crucible, 
and when reduced to a state of fusion, pour out the contents, let cool, 
dissolve it in the boiling water, filter, and set aside to crystallize. Drain 
the crystals and dry them in a warm place. Becover the salt contained 
in the mother liquor by evaporation to dryness, stirring constantly. 

Eeaotlon.— Br,-|-6KOH=5KBr+KBrO,+3HjO; 

and then, 2EBrO,+8Ci=2CBr-|-SCO. 
See remarks under Potasdum Iodide. 

Desoriptioii. — Colorless, cnbical crystals having a sharp saline test. Very 
soluble in water. Slowly Id alcohol. 

Soladons of the pure salt have a nentral reaction. 

Tests. — Complete solnbilfty In water, and nentral reaction of the solution. 

Test for bromates hy pouimg a little dilute sulphuric acid over the powdered 
salt; it should not turn yellow. 

Test for lodidei by dissolving about a Qm. in water and adding some starch 
paste. Then add carefully, so as not to mix the liquids, b/«w drops of chlorine 

A bine color should not appear at the zone between the two liquids. 
.3876 Om. should require 20 C.c. of ^ silver nitrate solution for precipitation. 
If miwe than this is required the presence of a chlodde la Indicated. 



SODIUM BROmDR 



soon BBOHIDUIC 

NaBr= 102.8. 

Iron wire, eat 80 Gm, 

Bromine ., 240 Gm 

Sodium carbonate 450 Gm. 

Distilled water, sntBoieai 

Digest the iron and 180 Gm. of bromine with 500 C.c. of water ina 
flask until all odor of bromine has ceased, and the liquid becomes 
green. Filter, add the remainder of the bromine to the filtrate, and 
let it dissolTe. 
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DisBolvethe BOdima carbonate in 1,000 Co. of boiling diatilled water, 
and add the solution of bromide of iron. Boil for fifteen minutes, 
filter, and evaporate the filtrate to dryness during constant stirring. 

Notes. — The reaction!! are analoguus to those occaninK in the prepuation 
of potassium bromide from bromide of iron and potassium carbonate. 

The BOdlam bromide may also be made from bromine and solution of soda, as 
potassinm bromide is prepared from bromine and solution of potasaa. 

DeBorlption. — Where the salt Is deposited from hot concentrated solutiona 
the ciTStals are anhydrous and cubical, while hydrated monoclinic crrstalB are 
deposited by slow evaporaUon of cold solutions. Both forms are readily soluble 
' in water and alcohol. 

TestB.— The resctlon should be neutral (absence of carbonate). The solution 
in water should not become turbid on addition of a drop of hydrochloric acid and 
solution of barium chloride. 

The testa for bromates and iodine are made as under Potaadom Bromide. 

.2056 Qm. should require SO C.c. of ,\ solution of silver nitrate for preclpi- 
taUoo. 



LITHIUU BBOUIDE. 

UTHII BBOMID1TK. 

LiBr=80.a 

Prepared by three different methods: 

(1) By neutralizing bydrobromic add with lithium carbonate. (2) By 
double decomposition between lithium snlpliate and potassium bromide, 
the potassium sulphate being separated by the addition of alcohol in 
which lithium bromide is solnbla (3) By treating a solution of ferrous 
bromide with lithium carbonate. 

Descriptioii.— White salt, very soluble In water and alcohol. 



AUHONIUM BBOMIPE. 
AHUONU BBOHIDUIC. 

NH,Br=97.8. 

Iron wire 80 Gm. 

Bromine ! 240 Gm. 

Ammonia water 550 O.c. 

Put the iron wire into a flask, add 1,000 C.c of luke-warm wat«r, 
and then gradually add 180 Qm. of the bromine. Put a loose ping of 
cotttm into the neck of the flask, and gently agitate until a greenish 
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liqnid is obtained, having no odor of bromine. Filter the solution of 
ferronB bromide, add to it the remainder of the bromine, and set aside 
nntJl a perfect solution is formed. Pour this into the ammonia water 
preTioaslf diluted with 1,000 C.c. of distilled water. Shake well, heat 
tiie mixtore on a water-bath for half an hour, and then filter. When 
the liquid has passed, wash the residue on the filter with a little boiling 
distilled water, adding the washings to the filtrate. Evaporate the 
filtrate in a porcelain dish until a pellicle b^ns to form. Then stir 
the contents with a glass rod, constantly, and coutinue the evaporation 
until a granular salt r^nains. 

Beaction.— FeBri.FejBr,+8NHjOH=8NH,Bf+F60.Po,0,-|-4H,0. 

Hotes. — Ammcmlnm bromide mny also be made bj putting tiie bromine with. 
foni tlm«8 its weight of water into a flask, and then adding the ftmmonia water 
cautionely, about one-thirtieth ^art at a time, uatll all has been added, and 
«>verinK the mouth of the flask with awatch-glasa when vapors are formed. When 
the liquid IB free from bromine odor it is Altered, and evaporated to granulation, 
the resrctton being: 8Brs+8NH,=8NH,Br-i-ITj. 

Desoription. — A white CTanulor salt, which becomes yellowish \iy lonr 
exposure to the air and light. Readily soluble in water; stighUy soluble la cold 
alcohol. The aqneoas solution when treated with chlorine water should yield 
pure bromine, which dissolves in carbon bisulphide with pnre yellow color, free 
from violet. 

Teeta — Should volatilize completely without decomposition, when heated 
on plaUnom too. Bromates and Iodine abonld be tested for as under Pottaslnm 
Bromide. 

.1656 Qm. should require 30 Cc of ,"„ silver nitrate soludon for precipitation. 



CAXiCHTM BBOmDK 
CAI.CU BBOHXDim. 



Ammonium bromide 3 parte. 

Lime. 1 part 

Blake tiie lime with 6 parts of water and triturate it in a mortar, 
adding enough water to form a liquid mixture. Dissolve the ammo- 
ninm bromide in 8 parts of water, heat to the boiling point, end then 
add the milk of lime nntil the evolution of ammonia ceasea Then 
filter the solution and evaporate the filtrate to dryness, stirring constantly 
BO as to produce a granulated salt. 

Beaotion.— 3NH,Br-t-CaO=CaBr,-|-SNH,-J-H,0. 
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Teata.— Should produce a peTfacUf clearsolation wSUi water. Thla eolution 
should be neutral to test-paper. Test for bromates and Iodine ss under PotasBiiua 
Bromide. .1996 Om. of the dry Mlt should require 20 C.c of ^ silver nitrate «olu- 
tlon for precipitatlDn. 



ZINC BBOmSE. 

ZINCI BBOUIDUU. 

ZnBr,= 224.5 

Zinc Rulphate 8 parts. 

Fotassinm bromide 7 parta. 

Boiling distnied water, sofficieat 

Dissolve the solphate Id 10 parts and the bromide in parts of 
the water. Mix the Bolutions while hot When cool odd 40 parta of 
alcohol, and filter the mixture through asbestos. Evaporate the filtrate 
to drTTtess, and grannlste the product. 

Beaotion.-- Zn80,+3KBr=K,aOj+ZnBr,. 

Desorlptloll.— White granular powder, readily eoluble lnwat«ruid alcohol. 
PuBes vdthout decomposltloa at a red heat. 

Tests. — Should jield a clear solution when dlBsolved In water. This solu- 
tion acldifted with hydrochloric acid, ehould kItb no precipitate when treated 
with solution of barium chloride or with hydrogen sulphide. 

Test For bromates and Iodine In the usual way, 

.2340 Gin. of the dry salt should require 20 C.c. of ^ silver nitrate wlutlon for 
precipitation. 



STRTTF OF BBOHIDE OF IBON. 

8TBUFUS PBBRI BBOHTDL 

A syrupy liquid contaioing 10 per cent of ferrons bromide (FeBr„ 
215.6). 

Iron, in the form of wire, out into small pieces . 30 Gm. 

Bromine 75 Gm, 

Sugar, in coarse powder 000 Gm. 

Distilled water, sufQcient. 

Introduce the iron into a flask, add 200 C.c. of distilled water, and 
afterward the bromine. Shake the mixture occasionally, until the reac- 
tion ceases and the solution has acquired a green color and has lost 
the odor of bromina Place the sugar in a porcelain dish and filter the 
solution of bromide of iron into the sugar. Binse the flask and iron 
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wire with 90 C.c. of distilled water, and pass the washings through the 
filter into the sugar. Stir the mixture with a glass rod, heat it to the 
boiling point on a sand-bath, and, having filtered the syrup through 
paper into a tared bottle, add enough distilled water to make the prod- 
uct weigh 1,000 Om. Lastly, shake the bottle, which should be com- 
pletely filled, securely corked, and kept in a place accessible to daylight. 

Notea. — The bromine muBt be added cautiously, aathe reaction iBBomeliaieB 
violent. When too violent, tlie cbemlcal action can be controlled by Iceeplng the 
tlaA in cold water. 

The preparation ehonid be kept in small, glass stoppered bottles. 



CHAPTER XIII. 



IODIDES. 



Pre[>BTed from iodine, potassium Iodide, or Iodide ot iron. All are 
water solnble except the iodide ot silver and mercnrous iodide ; mer- 
curic iodide is, however, nearly insoluble, and iodide ot lead requires 
nearly 200 parts of boiling water for its solution. 



HTDBIODIC ACID. 

AOIDUH HTSBIODZCUM. 

HI =127.6. 

Hydrogen iodide may be prepared by deoomposing potassium iodidp 
with snlphnric or tartaric acid and distilling; or it may be made by 
treating iodine with hydrogen sulphide as directed in the tormnla for 
syrup of hydriodic acid. 

Hydriodic acid decomposes readily, and becomes reddish brown from 
free iodine. It seema impossible to wholly prevent this decomposition. 

Compoaition. — Contains over 9ft per cent, of combined iodine. 
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STBUP OP HTDRIODIO ACW. 

BYBTJFU8 ACIDI HTBBIODIGI. 

A syrapj liquid, oouUuning 10 per cenL of absolute hy driodic aoid 
(HI, 127.6). 

lodiae 10 Gm. 

Alcohol 100 Cc. 

Syrap 120 Co. 

Sugar 500 Gm. 

Spirit of orange 6 Co. 

Distilled water. 
Dissolve the iodine ia the aloohol, with a very gentle heat, in a 
loosely stoppered flask, avoiding loss of iodine from vaporization. Add 
the solution to the syrup previously mixed with 150 Co. of distilled 
vrater, and pass through the mixture a current of hydrogen eolphide 
gas, until it acquires a pure yellowish color, and ceases to turn brown 
on shaking. Filter the liquid through white filter paper, retuming 
tlie first portions untU it runs off clear; wash the filter with a little dis- 
tilled water, and evaporate the filtrate and washings in a tared porce- 
lain dish, on a water-bath, at a tempOTatui«not exceeding S5° C. (181° F.), 
constantly stirring nntil all odor of the hydrogen sulphide has disap- 
peared. Then set the dish aside, well covered, and allow to oool. When 
cold, odd the spirit of orange, the sugar, and enough distilled water to 
make the whole weigh 1,000 Gm. When the sugar has been dissolved 
by stirring, strain the syrap through loose cotton placed in the neck of 
the funnel, whic^ is to be kept covered, and transfer the filtered syrup 
to small vials, whldi should be completely filled, securely corked, and 
kept in a cool and dark place. 
KeacUon.— sr,+8H,8=4HI+Sr 

notes. — The reactioii is aided by having the Iodine finely divided, m will 
be the case when It te diaaolved hi alcohol &nd the solnUon then shftkeu with 
Bjrup and water. The hydrlodic acid first formed dissolves more iodine, which 
also aids the reaction. As the sulphur precipitates, however. It may so envelop 
the undissolved portion of the iodine that the hydrogen sulphide does not come 
into contact with It. The iodine ought, therefore, to be added lu small portions 
St a time, and the mixture should be frequently well stirred, breaking up tha 
deposit of sulphur, and distributing the undissolved Iodine through the liquid as 
far as practicable. 

Description.— A coloTlesa, or nearly colorless, liquid, with a sweetlab acid 
taste. 

Tests. — Starch paste added to the liquid should not strike a blue color, 
showing absence of free iodine. A slight bluish tinge would indicate a trace ot 
Iodine. 

Barium chloride solution should not produce a precipitate of sulphate. 

The spedflc gravity of the syrap should be 1.300. 

2S.5 Gm. should require SO C.c. of ^ silver nitrate solution for precipitation. 
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IODIDE OF SULPHUB. 

STJIfHUBIB lODISUM. 

Washed sulphor 1 part. 

Iodine 4 parte. 

Bub tlkem togetiier until tborooghlf mixed. Introduce the mixbnie 
into a small bottle, close the oiifioe loosely, and apply a gentle heat 
by water-bath so as to darken the mass without melting it. When the 
color has become nniformly dark throo^oat, increase the heat so as 
to produce liqnetaction, and incline the bottle in different directions, in 
order to return into the liquid any portion of iodine which may have 
been condensed on the inner snrfaoe. Then withdraw the heat, and, 
after the liquid baa become solid, break the bottle, reduce the fused 
mass to pieoee, and keep it in a glass stoppered botUa 



Onduaily decompoaeg In tlie air, giving oS odor of Iodine. 

TMts. — Treated with alcohol It la decomposed, the Iodine being dlMoIved 
and the Bolphnr deposited. 

Boiling watei decomposes It slowly, and If the heU be continued long enough 
the Iodine can be entirely driven oS. 



potasshjh iodide. 

POTASan lODIDUlC. 

KI= 165.6. 

Solution of potassa 1,000 C.a 

lodiue 100 Gm,, or sufScient. 

Wood charcoal, in fine powder 15 Qm. 

Boiling distiUed water, suffici^it. 

Pat the Bolution of potassa in a flask, add the iodine, a litUe at a 
"time, with oonatant agitation, tmtil the solution becomes permanently 
brown. Sraporate to dryness. Powder the residue, and mix it well 
with the charcoal. Throw the mixture into a red-hot iron crucible, and 
when the whole is in a fused condition ponr it out to cool, dissolve it 
in 200 C.c of boiling distilled water, filter, and evaporate until a pellicle 
forms. Then set aside to cool and crystallize. Drain the crystals and 
dry them in a warm place. The remainder of the salt may be obtained 
from the mother liquor by evaporation to dryness, stirring constantly. 
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Heactdon.— 8I,+6K:OH=diKI+KIOj+8H,0; 

and then, 2KIO.+3C,=»KI-HCO. 

Notefl— The red brown liquid formed by dissolving iodine in Bolu^on of 
potasaa contolna potassinm iodide and potasslnm lodate, as seen from the above 
equation. By heating the salt mass obtained on evaporation ot this liquid to dty- 
uesB, the iodate is reduced to iodide; but the heat necessaiy for this purpose is so 
high that loan of iodine ensues, and the prodnct becomes alkaline. Te prevent 
this, charcoal la added, which malces the reduction practicable at a much lower 
temperature. 

The crystallization of potassium iodide is somewhat difficult It is best to 
continue the evaporation until a sample of the liquid, when removed from the 
vessel, crystallizes on cooling. The liquid should then be left In a warm place- 
(50° to 60° C. =133° to 140° F,\ where the evaporation may continue spontane- 
ously in order tixei large ciystala may be obt^oed. At a lower temperature the 
Iodide ascends the sides of the vessel and creeps over the edges. 

When perfectly pure, potassium iodide la difficult to obUin Id colocleas crys- 
tals; it undergoes partial decomposition with liberation of enough iodine to 
discolor the product. To prevent this discoloration the liquid is usually rendered 
slightly alkaline before being set aside for cryBtallizatioii. The presence of 
potAsalum carbonate not only facilitates the formation of crystals, but also Kndeis 
the product whiter. The PharmacopcBial testa permit a slight alkalinity (less 
than 0.1 per cent). Crystals of perf ectiy pure potassium iodide are usually not 
quite white, but may be made so by drying at 120° to 135° C. (848° to 257° F.). 

Pot.assium iodide is also prepared aa follows: 

Iron wire, cot flO Gm. 

Iodine 200 Gm. 

Potassitmi bicarbonate 160 Gm. 

XHstilled water, BufQcient. 
Digest the iron and 150 Gm. of the iodine with 500 Co. of water in a 
flask until all odor of iodine ceases and a green solntion of f errons iodide 
reeultfl. Filter this, and in the filtrate dissolve the remainder of the 

Put the potassium bicarbonate into a di^ with 800 Co. of distilled 
water, heat onbil effervescence ceases, and then raise the heat to boiling. 
Add slowly to this boiling hot solation the filtered solution of the 
iodides or iron. Boil the mixture for fifteen minutes. . (If ^ the iron 
has not been precipitated from the solution, add a little more potassium 
bicarbonate.) Filter, evaporate, and crystallize. 

Heaotion.— 8PBj+6I,=6FeL; then 8Fel,+I,=FeIi.Fe,L; 

flnally,FeI,.Fe,I,-HK,UO,=gKI+FeO.FejO,-)-4CO^ 

Notes. — Aa seen from the equation, a solution of ferrous iodide Is first 
made. This can be at once treated with potassium carbonate to obtain the potas- 
sinm iodide: FeI,-(-E,C03 = FeO-|-2KI-t-CO^. But In this case the Iron Is 
separated with greater dlBlrul^, being finrt thrown down aa ferrous carbonate, 
which at once begins to lose carbonic acid, and at the same time oxidizes so that 
the precipitate gradually changes from light gray to bine, yellowish brown, and 
Anally to brown ferric hydrate (Fe,(OH],). All of the Iron does not separate at 
once, however, so that during the subsequent evaporation of the filtered soIutioQ 
of iodide of potaBshijo a considerable quantity of Socculent deposit of ferric 
bjdrate makes Its appearance and must be filtered out 

This dlfUcultymay be remedied to a great extent by converting the ferrous 
Iodide Into ferrico-feirous iodide by adding the required addition^ quantity of 
iodine. The precipitate will then, ^er the boiling, be black magnetic oxide of 
Iron, which is very dense and, therefore, more easily separated than ferric 
hydrate. 
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Tests.— The solntion of the pnra salt ahonld have a neutral reaction, but a 
slight allcalini^ la iiBaailj obserred. 

The aqueous solution treated with starch paste and dilute sulphuric acid 
Bhoald not showa blue color inunedtately, ahowing absence of lodate. 



Composition.— Potasdum Iodide contains 76.40 per cent of iodine. 



Sp«oiflo Gravity and Percentage StrenRth of Bolutiona of EX 
(Schifl.) 

Per cent. Sp. er. 

of KI. 31^ 

10 - 1.0788 

30 1.1706 

80 1.8784 

40 _ - 1.1079 

60 — 1.S640 

» 1.7517 



■ SODIUM IODIDE. 
80Dn lODIDTTU. 

Nal= 149.6. 

Iron wire, cat 60 Qm. 

Iodine 200 Gm. 

Sodium carbonate 240 Gm. 

SistiUed water, sofSdent. 

IMgest the iron and 150 Qm. of the iodine with 500 Cc. of water 
in a flask until the odor of iodine ceases and a green solntion of ferroos 
iodide reenlts. FUter this, and dissolve the remainder of the iodine in 
the filtrate. Dissolve the sodium carbonate in 800 C.c of water, heat to 
boiling, then add the solntion of iodides of iron daring constant 
sUrring, boil the mixtore fifteen minutes, filter, evaporate, and crys- 
tallize. 

Hotes. — The reactions are analogous to those taklar place In the proceaa for 
preparing potassiom Iodide In a similar way. See also tne notes under that title. 

Bodivm iodide may also be made friMn iodine and solution of soda, as potaa- 
■iam iodide ia prepared trum iodine and solutloa of potassa. 
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Doflcription.— Powder, <A small cubical crystals, very reodilf soluble In 
ftter and alcohol. 

Melta at a low red heat, and Tolatlllzes with alight decompoaition. 

Tests. — Similar to those for potassium Iodide. 

.3992 Gm. of the dry salt ahould require 20 C.c. of -^ silver nitrate solutloa 
r complete precipltatloa. 



LiTHiUM IODIDE. 

UTHU lODIDUU. 

Frspared by doable decompoaitioa between calcium iodide and 
lithiwa carbonate, which are heated together in water. CaI,+Iii,CO,= 
2LiI-|-CaC0p It may also be made from iron, iodine and lithiom 
carbonate, in a manner sipiilar to the process for preparing bromide of 
lithium from iron, bromine and lithium carbonate. 



AUHONITJM IODIDE. 

AMHONII lODIDUH. 

NH,I-1446. 

1 iodide 64 Gm. 

Ammonium sulphate 29 Gm. 

Boiling distilled water 30 C.c. 

Alcoh^, snfficienL 
Powder and mix the salts, add the boiling water, stir well, and then 
allow the mixture to elowly oooL Then add 80 Cc of alcohol, mix 
thoroughly, and set the vessel containing the mixture in an ice- water 
bath, stirring occasionally. When cooled to about 5° C. (41° F.) 
throw the mixture into a cool glasn funnel having a loose, plug of moist 
cotton placed in its throat Collect the clear filtrate and ev^)orate it to 
granolation. The product should be at once put in a botUe, which 
must be tightly corked. 

Beaction.— 2KI+(NHJj80.=aNH,I+KjSO,. 

Notes. — This process is based upon the Bolnbllity of ammonium Iodide and 
Uie inaolubillty of polaseium snlphate In dilute alcohol. 

Aminonium iodide la an unstable salt, soon turninii^ yellow or even brown 
from free iodine. Discolored ammuiUum iodide maybe restored, as suggested 
in the Pharmacopoeia, bv waahlng with ether and rapidly drying. In order to be 
fit for use this a^t should be white and Inodorous. 

DeaoriDtlon. — A white granular salt, taming yellow or brown as above 
described. Very soluble in water. YolatUlzee with decompodtiou. 
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TastB. — Sitonid be completely soluble id w&Ur; the Bolutioa mixed wlih 
attrcb paito sbotild not atiow more than a sllfcht blue tinge from free Iodine. 

Complete rolatlli^ Indicates abaeDc« of fixed compounda. 

.2893 Qm. of tbe diy salt shonld require 20 C.c. of f^ oIym nitrate ftolutlon for 
complete precipitation. 



CALCIUM IODIDE. 

CAI.cn lODIDUU. 
Cal,= 293.2. 

Iodine 20 parts. 

Iron 8 parts. 

Lime 5 parte. 

Water, anfficient. 

Digest the iron, and 15 parts of the iodine with 30 parts of water, in 
a flask, until alt odor of iodine ceases and a green solution of ferrous, 
iodide is obtained. Filter this, then add the remainder of the iodine, 
and dissolve. 

Slake the lime with 6 parts of water, and triturate the caloimn hydrate 
Trith enough water to make a smooth liquid mixture. Add this milk of 
lime gradoally to the solntion of iron iodides until the iron has all been 
precipitated. Then filter the liquid and evaporate it to dryness, stir- 
ring constantly. ' 

Beaotions.— Fe,-(-2I,=2FeI] ; then, 3FeI,+I,=P«i,I, ; 

then, FejI,+8CaO=8CaIi-|-Fe,0,. 

DOfloriptioD. — Obt^ned above as a white granular mass. It can be crj-stol- 
Uzed in pearly ecalei. The salt is soluble in water and alcohol, but the solutions 
are not permanent. 

Teeta.— Tbe usual tests should show absence of salpbates, etc. Tbe tests 
for chlorides and bromides are best carried out by the method gif an for the sepa- 
ration of tlie three halogens under Qualitative Analysis. 

.2032 Om. shonld require SO C.c. of j'\, sliver nitrate solution for precipitation. 



Zmc IODIDE. 

ZmCI lODIDUH. 

Znl,=318.1. 

Orannlated zinc 30 Gm. 

Iodine 100 Gm. 

Distilled water 200 Co. 
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Digest together in a flask until colorless and free from the odor of 
iodine. Filter through asbestos or powdered glass, and evaporate tfad 
filtrate rapidly to dryness at a moderate heat. 

Must be l^ept in small well closed vials. 

Description.— A white granular salt, very readily soluble la water and 
alcohol. 

Tests. — Complete solubili^ in water. I( the eolutton la made alhaiine by 
ammonia water and treated witn excess of ammoalum sulphide, the whole of th« 
zinc le thrown down aa a white precipitate. The liquid filtered from thia ahonld 
give no precipitate with aolutian of ammonium carbonate. 

.8181 Om. of the dry aalt ahould require 30 C.c. of ^^ allver nitrate aolalioii for 
precipitation. 



FEBBOT7S lODIDK 

FEBBI lODIDTTH. 

Fel, =309.2. 

Iron wire, eat t 60 Gm, 

Iodine. 170 Gm 

Distilled water 200 C.c. 

Digest in a flask at a moderate heat until all odor of iodine has 
ceased and a green eolation has been obtained. Filter the solutioii and 
evaporate the filtrate as rapidly as possible in a polished iron dish until 
a trial drop solidifies on cooling. Then pour the liquid out on a poroe- 
lain slab, and as soon as it has hardened break it into pieces while still 
wann, and put it into small, dry, warm bottles, which most be at onc» 
tightly stoppered. 

For reaction and notes see Syrup of Perrons lodida 

DesorlptlOD.— Ab commonly made a greenish brown unstable salt, irttlcb 
slowly decompoHOB In preaence of moisture. 

The above process g^ves a grayish mass, wliich la not completely soluble iu 
water, a little oxide usiully remaining. 

Tests. ^.8003 Gm. should require SO C.c of ^ silver nitrate solutim for 
precipitation when pure. 



8ACCHABATED FEBZtOUS IODIDE. 

FBBHI lODIDlTH SACCHABATDH. 

Iron, in the form of fine wire, and out into 

small pieces. 6 parts. 

Iodine. 17 parts. 

Distilled water 20 parts. 

Sugar of milk 80 parts. 
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Mix tiie iron, iodme, and distilled vater in a flask, shake the mixttiTe 
occasionally until the reaction ceases, and the aolution has acquired a 
green color and lost the odor of iodine ; then filter it through a wetted 
filter into a porcelain dish containing 40 parts of sugar of m^llr. Binse 
the flask and iron wire with a little distilled water, pass the rinsings 
throngh the filter into the dish, and evaporate, on a water-bath, con- 
stantly stirring until dry. Transfer the mass quickly to a heated iron 
mortar containing the remainder of the sugar of milk, and reduce the 
■whole to powder. 

Transfer the powder at once to small, well- dried bottles, which must 
be securely stoppered, and kept in a cool and dark place.^ 

HoteB.— By intermixture with augor of milk tlie ferrous iodide is ia some* 
measure protected from oxidation. 

The Phorroacopceial descriptioD and tests are as follows; 

A yello wish- white or grajhh powder, very hygroscopic, odorless, having a 
sweetl^ ferruginous taste, and a stlglitly acid reaction. Soluble in 7 puts of 
water at 15° C. (59° F.), forming an almost clear solution; odIt partially soluble in 
alcohol. When strongly heated, the compound swells up, chars, evolves the odor 
of Iodine and of burnt sugar, and, on ignition, leaves a residue which ehonld 
yield nothing solnble to water (abs. of salta of alkatles). The aqneoua- solution 
yields a blue precipitate with teHt-Holutdon of ferHcyanide of potasdum. If 
mixed with soma gelatinized starch and afterward with a little chlorine water, 
the solution aasumea a deep blue color. This color should not be developed in 
the aqueous solution by gelatinised starch alone (abs. of free Iodine). 

On mixing an aqueous solutlou of 6 Gm. of ssccharated iodide of Iron with 
a solution of 1 Om. of nitrate of silver, and fllteriag, the filtrate should still pro- 
duce a pncipltate of cloudiness with test-solution of nitrate of silver (presence 
of at least 30 per cent, of ferrous Iodide). 



SyUUP OF IODISE OF IBON. 

BTBUFUS FBBEtl lODEDI. 

A syrupy liqtud containing 10 per cent of ferrons iodide (Fel„ 
S09.2). 

Iron, in the form of tine wire, and cnti into small 

pieces 25 Gm, 

Iodine 82 Gm. 

Sugar, in coarse jrowder 000 Gm. 

Distilled water, snf&cient. 

Introduce the iron into a flask, add 200 Co. of distilled water, and 
afterward the iodine. Shake the mixtnre occasionally, until the reaction 
ceases and the solution has acquired a green color and has lost the odor 
of iodina Place the sngar in a porcelain dish and filter the aolation of 
iodide of iron into the sugar. Biuse the flask and iron wire with 00 
C.c of distilled water, and pass the washings through the filter into 
the sugar. Stir the mixture with a glass rod, heat it to the boiling point 
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OQ a eaad-bath, and baring filtered ihe eyrap through white paper into 
a tared bottle, add enough distilled water to mcike the product weigh 
1,000 Qm. Lastly, shakethe bottle, which Aould be completely filled 
and secorely stoppered. 

Heaction.— Pe,+2l5= Felj. 

ITotes, — The proportli 
ferrous Iodide is only a little o' . , 

excess. This Is to facilitate the complete saturation ot the iodliie. At flrrt the 
reaction is tardy, and may require the aid of heat to start it; but as soon as some 
ferric and ferrous Iodide Itave been formed the iodine dissolves in their eolution. 
aad after that the Iodine acts rapidly on the iron with the evolution of heat. If 
this elevation of temperature is too great there will be a loss of iodine by vapor- 
isation. The heat must not be so great that violet vapors of iodine fill the tlask 
It Is safest to add the iodine in small porllonsat a time, during brisk stirring, 
' allowing the liquid to become green instead of red-brown after each addition 
before adding more. 

The reacuon between iron and iodine will take place at all temperatures, but 
js alow in cold. Should the reaction proceed at a comparatively low temperature 
until all the iodine has been added, and cease without leaving a liquid nf bright 
green color when Altered, the application of heat before removing the uodi*- 
Bolved iron will always bring out the green color, which is the sign of completed 
reacdon. 

To prevent oxidization the solution of ferrous Iodide sbould be filtered as 
rapidly as possible and while stilt hot, directly into the sugar. 

Success in preparing a perfect ejrup of iodide of Iron depends upon a per- 
fectly completed reaction, careful control of the temperature so that no iodine 
shall be lost, the use of pure distilled water and pure white sugar, and scru- 
pulous cleanlinesB In regard to the vessels and Implements used. The Phannaco- 
pceia is in error in suggesting the use ot a " wooden spatula." 

Byrup of iodide or Iron may be successfuily preserved In corked bottles, but 
with much less risk in glass stoppered bottles. Exposure to light seems to de. 
colorize the preparation, even after the green color has changed to a pale yell« wish. 
But In order to beet preserve a bright green syrup of ferrous iodide from change 
it ehonld be kept in a shaded, though not dark place. 

Unless the bottle containing &e syrup is filled, the surface of the prepar- 
ation soon becomes yellow or yellowish brown from oxidization by contact with 
the air above it Hence the direction that the bottle ahall be fliled. 

When this preparation becomes slightly discolored- yellowish green but not 
yellow or yellonlsh brown — the bright green color can usually be restored by 
heating it to near the boiling point in a 9ask by means of a water-bath. 

Straining as directed In the Pharmacopceia will not suffice to make the prod- 
uct clear. It must be Altered through white fliter-paper. 

As the preparation is prone to discoloration by decomposition, assuming a 
yellowish brown color from free iodine, various means have been suggested to 

erevent this change. It was at one time proposed to place a piece oif polished 
'On— for e.^ample, a nail filed until bright over its whole surface— In the syrup; 
but this is worse thnn uspleas. Another and more successful plan was to add 
tartaric or citric acid, in the proportion of about 1 part in 600. All such addi- 
tions are, however, unnecessary, as the preparation will keep well if properly 
made and put into clean, glass stoppered bottles in the manner indicated above. 

Glycerite of ferrous Iodide is a perfectly stable preparation, and ought, there- 
forejto be used in preference to the syrup. 

The Fharmacopceial description and tests are as follows: 

A transparent, pale green liquid, odorless, having a sweet, Btpongly femi- 

gnous taste, and a neutral reaction. Witbtest^solutionofferricyanideof potassinm 
yields a blue precipitate. If a little disulphlde of carbon be added to the syrup, 
then a few drops of chlorine water, and the whole agitated, the disulphlde will 
separate with a parple or violet color. It should not deposit a sediment on 
keeping, and should not tinge gelatinized starch blue (abs. of free iodine). 

10 Om. of the syrup should require for complete precipitation not less than 
1.06 Om. of nitrate of silver (corresponding to 10 per cent, of ferrous iodide). 
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GLYCEBXTE OT FEBBOIT8 IODIDE. 
aiiYOOBTCUH VBBBZ lODIDL 

Iodine ". 82 Gm. 

Iron wire 80 Gm. 

DiatUled water 150 C.c. 

Glycerin 300 C.c 

Digest the iron wire &nd iodine together in the water, contained in 
a flask, onti] the liquid has acquired a bright green color, and lost all 
odor of iodine. Filter the solution into the glycerin, miT well, and 
evaporate the mixture until it weighs 500 Om. 

Ifotes. — Tliis glycerite keeps iDdetlniteW, mixes clear with water^Icohol, 
ud syrup, and is exactly twice tlie Btrength (in ferrous iodide) of the Phuma- 
Gopoeial syrnp of Iodide of Iron (U. 8.). 



STBUP OF HANOANOTTS IODIDE. 

SYUUPDB UL&ITOASI lOBIDI. 

Manganona sniphate 40 Gm, 

Fotassium iodide 50 Gm. 

Sugar 2S0 Gm. 

Simple syrnp, distilled vater, each eofficieut. 

Dissolve each of the ealta in 50 C.c. of water mixed with 10 Co. of 
simple symp. Mix the solutions and shake well Cool the mixture to 
^x>ut 10° C. (50° F.). Filter, rinsing the precipitate on the filter with a 
little sweetened water, letting the filtrate and wa-sbings run into a bottle 
containing the sugar. Shake until dissolved, and then add enough dis- 
tilled "water to make the total produtit measure 400 oubic-oentimeters. 

Heactton.— MiiSO,+ZKI= K^O.+MuIj. 

Notes. — The manganous iodide is very deHqnesceiit and prone to rapid 
deconipositioo. Hence it is not used except preserved by sugar la tbe form of syrup. 

The application of cold in tbe process la to cause Uie separation of the potaa- 
siam snlphBt*^ as far as possible. 



LEAD IODIDE. 

FI.U1ICBI lODIDUH. 

Pbl.= 450.7. 

Lead acetate 9 parts. 

Potassitun iodide S parts. 

Acetic acid 1 part 
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Dissolve the acetate in 90 parts of cold water, add the acid, and filter. 
Dissolve the iodide in 80 parts of cold water and filter. Pour the lead 
salt solution into the solution of potassium iodide, stirring constantly. 
Set aside to settle. Decant the mother liquor and throw it away. Col- 
lect the precipitate on a filter and wash it with cold water. Dry it 
between bibulous paper. 

Beactioii.— Pb(C^,Os),+SKI= Pbl,+2KCA0r 

Notes.— Tlie addition of acetic acid to the Holutloa of lead acetate is to pre- 
Tent the precipltatlOD of white carbonate and yellowish white ozytodtde of lead. 
Lead 1 >dide is not more soluble la acetic acid ^an it U fn water. Cold Holudona 
are used not only because lead Iodide la soluble to a considerable extent in hot 
water, but also to obtain a more finely divided product. When hot liquids are 
used a portion of the Iodide Is bald In solution until the liquidis cold, separatiuK 
gradually in crystalline scales. Lead Iodide ia also soluble in cold water, and 
Uiua there Is always a slight loes, which is Increased by washing. Hence the 
quantity of water used for washing the precipitate should be limited, and the 
washing should be performed on a filter Instead of by decantatlon. 

The lead acetate solution roust be added to the solution of the Iodide, for it is 
necessary to liave the latter present In excess until the liquldsare mixed. Should 
the order of mixing be reversed, or should the lead acetate be in eKcess, oxy- 
iodide of lead is formed. On the other band, if the potasstiun iodide Is in too 
great excess after all the lead acetate has been added, Iobb will be occasioned by 
the formation of soluble double salts of the iodides of lead and potassium. Po- 
tassium acetate also dlBsaiveB lead Iodide. To obt^n a larger yield, lead nitrate 
Is used instead of acetate, the lead Iodide being almost insoluble in a eolntioa of 
potassium nitrate. Tlie formula is then as follows: 



SECOND METHOD. 



Lead nitrate 1 pari 

Potassium iodide I part 

Water, sufBcient. 

Dissolve the load nitrate in 8 parts of cold water, and the potassixun 
iodide in 3 parts of cold water. Filter the solations. Add the lead 
solution to the solution of potassitun iodide, with stirring. Decant the 
mother liquor and throw it away. Collect the precipitate on a filter and 
wash it with cold water. Dry it between bibulous paper. 

(If a crystalline product is desired, dissolve the washed and BtUl wet 
precipitate by boiling it with two hundred times its weight of water, 
filter, and let the solution oool very slowly. The lead iodide obtained 
from 10 Om. of lead nitrate would leqoire nearly three liters of boiling 
water for its solution. To obtain a small quantity of crystallized lead 
iodide as a specimen, boil the precipitate with 200 times its weight (tf 
water, filter while hot, and set the filtrate aside to cool slowly. The 
tmdisBolved portion should be reserved separately.) 

Beaotion.— Pb(N0,),+8KI =3KN0,+PbI,. 
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Tests. — Should be completelj soluble in solution of ammonluin chloride. 
Dilute solphuiic acid precipitates all the lead from this, aod the clear aupernatant 
liquid ahoold not give I««ls for other Bubstancea. 



MERCUBOUS IODIDE. 
HTBRAItaTKI lODIDUH VIBIDE. 

HgJ,=653.0. 

Mercniy. 8 parts. 

Iodine 5 parts. 

AJcohoI, sufiBcient. 

Four the mercnry into a itaortar; add 3 part;s of alcohol; then add 
the iodine, and triturate all together. When the alcohol has nearly 
evaporated, add a little more, from time to time, so as to keep the mix- 
ture moist This is done in order to prevent the temperature from 
rising too high from the heat generated by the chemical unioa between 
the mercury and iodine. Continue the trituration uutJl all globules of 
mercury have disappeared, and the mixture, when nearly dry, has 
acquired a greenish yellow color. 

Now add snfBcient alcohol to reduce the whole to a thin paste, poor 
this into a wide-mouthed bottle, cork it well, and set it aside in a dark 
place for several days. 

Then pour off the alcohol, and add in its place 50 parte of warm 
alcohol, diake well, and again set it aside for a day or two. ^Decant 
again, and once more wash the mercnrous iodide with 50 part.s of warm 
alcohol Shake the mixture well, transfer it to a white paper filter, and 
continue washing the precipitate with aloohol until the washings are no 
longer affected by hydrogen sulphide. 

When the washing has been completed as described, dry the product 
between white filter-paper in a dark place at a temperature not exceed- 
ing 40° 0. (104° F.). 

Keep the product in a well closed bottle protected from light. 

Beaction.— Hg,-j- lj=Hg^Iy 

lTotes.~The aloohol washes out the mercuric iodide, a small quaDtltj of 

hlch is always formed simultaneouBly with thi 

being soluble but the latter insoluble In alcohol. 



which is always formed simultaneouBly with the mercurous iodide, the former 
■--' '-'-'elMtr'--' .—.--.- .- -.--L-. 

Aiseenlu the trade and the shops this prepar^tlou varies from briijht greenish 
yeUow to dark grayish ipeen. Exposure to air while in a moist condition Is s^d 
to aOect the color. Lt^t decomposes mercurous iodide into metallic mercury 
and mercnric Iodide, wid tlie green hue of the preparation probably sriscB from 
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the blending of tbe bluish metal with the jellow mercurous iodide. The duker 
Its color the greater are the amounts of mercaT}* and of mercuric iodide contained 
la the preparation. Hence a dark colored "mercurauB Iodide" is unfit for use, 
the mercuric iodide it conlnjns being polsoneuH. 

Description. — Nearly Insoluble in water. When washed with alcohol the 
washings should not leave more than tracea of a reddue on evaporation. 



HEBCmUC IODIDE. 

HTDHABQYBI lODIDUM BTTBBtJH. 

Hgli- 463.2. 

Mercuric chloride, in powder 12 parts. 

Potassium iodide 15 parts. 

Dissolve the mercuric chloride ia 200 partfl of hot distilled water, 
and filter. Dissolve the potassium iodide ia 40 parta of cold distilled 
water, and filter. Poiir the solution of mercuric chloride when cold 
into the solution of potassium iodide, stirring constantly. Set aside 
until the precipitate has subsided perfectly. Decaut the mother liquor 
and set it aside. Wash the precipitate with 300 parts of cold water, 
stirring it np well, allowing it to subside again, and at once decanting 
the washings. Then collect the precipitate upon a white paper filter, 
and continue washing with distilled water until the washings cease to 
give a precipitate with test-solution of silver nitrate. Dry the iodide 
between white filter paiwr at a temperature not exceeding 40° C. 
(104" F.). Keep it in well closed bottles. ■ 

Heaction.— HgCl,+2KI=HElj+2KCl. 

Notes.— The proportions here given are to be preferred to those given in 
the U. 8. Pharmacopcclo, which are to 11. Theoretically we should require for 
12 partBof mercuric chloride about 14.7 parts of potassium Iodide; but the potassium ' 
iodide generally contains small quantities of csrbonate and other impurities, and 
it is moreover desirable to use a slight excess of the potassium iodide, to prevent 
the formatlen of a light-red compound of mercuric chloride with mercuric iodide. 
For this reason, also, the solution of mercuric chloride must be poured into that 
of the potassium iodide so as to keep the latter at all stages of the process in 
excess over the mercuric chloride with which It is being mixed, and constant 
Stlrrirtg is directed with the same object in view. 

Unless the solutions are filtered lietore miiing them, the product, besides 
retaining mechanical impurities, may possibly also contain mercurous chloride, 
the mercuric chloride being frequently contaminated with it. 

Crystallized merourio iodide. — Use the same materials and in the same 
proportions as given above, but use hot solutions. The mercuric iodide being 
soluble in a hot aolution of potassium chloride, the product crystallizes la the 
gradual cooling. The yield is about 20 parts. 

Desoription.— A beautiful scarlet red crystalline powder, insoluble In water, 
but soluble In aolution oF potassium iodide or of mercuric chloride. Completely 
volatile by heat. 

TestS.^The water washlnga should leave not more than a trace of realdne 
on evaporation. 
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SILTEB IODIDE. 

ABQENTI lODIDUU. 

Silver nitrate 1 part. 

Potassium iodide 1 part. 

DiBsolve the salts separately, each in about 12 parts of distilled 
-water. Poor the solution ot silver nitrate gradaally and with constaut 
stirring into the solution of the iodide. Collect the precipitate on a 
filter, wash it well with distilled water, lukd dry it between bibolonB 
paper. 

Heaction.— AgHO,+KI = Agl+KNO,. 

The product is to be kept Id well closed bottles and protected from light 

Descrlption.^A heavy light yellow powder, iosoluble In water, nhicbmellft 
to a deep red liquid wlien atrongly heated. 

It ia easily solable In solution of potassium cyanide, and but very slightly Id 
atrong ammonia water. 

Tests. —If washed with water this should leave not more than a tlight trace 
of residue on evaporation. 

If washed with ammonia water this should not become more than very eUghtly 
opalescent when treated with an ezcessof pure nitric acid. 



OXY-IODIDB OP BISMUTH. 

BISUUTHI OXT-IODIDUM. 

BiOI= 850.1. 

ii eubnitrate 12 parts. 

im iodide 7 parts. 

Distilled water 15 parts. 

Uiz and digest together in a bottle for an hour, shaHng occasioDsUy. 
Then transfer to a filter, and wash with warm water until the washings 
are tasteless. Drain, and dry between filter-paper. 
BeactiMi.- BiONO,.H50+KI= KNO,+BiOI +HjO. 



IODIDE OF ARSENIC 

AB8ENI lODIDUH. 

A3l3^4648. 

Arsenic 8 parts. 

Iodine 16 parts. 
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Triturate until finely powdered and thorooghly mixed. Put it iato 
a fiasli and heat gently on a wat«r-bath, irtalimng the flask in different 
directiona, until fusion takes place. Pourthe fused mass upon a porce- 
lain slab and let it cool, then break it into pieces and keep it in well 
stoppered bottles in a cool place. 

Deacript 
Water HoluDle, 



SOLUTION OF IODIDE OF ARSENIC AND UEBCUBT. 

UQUOB ABSBHI BT HTDBABGTBI lODIDIL 

Iodide of atsenio 1 part 

Red iodide of mercury 1 part 

Distilled water, sufficient. 

Triturate the iodides with 15 parts of distilled water, until dis- 
solved. Filter the liquid and pass enough distilled water through the 
filter to make the product weigh 100 parts. 

Notes.— No chemical raacdoo takes place In dlsaolTine the two iodides 

together; but the mercuric iodide la soluble lu the solaUon of i-ju- 

altnougb almost iuaoluble In water. 
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CHAPTER XIV. 



CYANXDES. 

The cyandiee of potaasiiini aod mercury are water soluble; the others 
deecribed in this work are insolable in water. All may be prepared 
with hydrocyanic acid except the ferrocyanide of iron. Potassium 
cyanide may also be prepared by heating a mixture of potassinm f erro- 
cyanide and potassiiun carbonate. 



DILXTTEIX HYDEOOTANIO ACID. 

ACIDTTH HYDBOCYANICUlf DILTTTUIL 

IFBtTSSIO AOED.] 

HCy=27. 

Contains 2 per cent, ot hydrogen cyanide. The Fharmaoopceial 

diluted hydrocyanic acid of the United States is a solution of the add in 

water mixed with aloohoL 

FotasBimn ferrocyonide, in coarse powder 1 parte. 

StdphTiric acid 3 parts. 

The apparatnfi neoeesary oonsiste ot a long-necked flask fitted with 
a twice perforated stopper carrying a safety tnbe and the bent tube 
connecting the flask with a Liebig's or other suitable condenser, the exit 
tnbe of which should dip into the liquor in the receiver. The receiver 
sbonld be tared, should be large enough to permit the final adjustmeot 
of strength without a change of vessel, and ehonld be placed in broken 
ioe or ice water. 

Put 16 parts of distilled water iu the receiver. 



db.Googlc 



158 SYNTHETICAL CHEMISTRY. 

The ferrocyanide is to be dissolved in 20 parts of water and then in- 
trodoced into the flask. The acid ia dilnt«d by adding it gradoally to 
twice its weight of water, and, after connecting the whole apparatus 
together properly and making all the joints tight, the cold dilated acid 
is poored in through the safety tube. Heat the flask on a sand-bath to 
the boiling point, and continue applying a moderate heat until there is 
but little liquid mixed with the saline mass remaining in the flask. Then 
detach the receiver and dilute its .contents with distilled water so that 
the product shall contain just 2 per cent, of absolute hydrocyanic acid. 



Hote8.~The process here ^ven la newly Identical with that o( tike U, 8. 
FharmacopoBia of 1870. A dask bu been subetltuted for a retort because more 
conTenieiit. and to prevent the contaoUnatlon of the product with the contents of 

the KODfTator bom spurting. 

Intheproceaa of the present n. 8. Pharmacopttla (1883) the receiver Ifi to 
contain 13 parte of diluted alcohol Instead nf 16 parts of water; the ferrocyanlde Is 
directed to be put Into the retort with only twice its weight of water, and the 
acid to be diluted with only an equal weight of water. The ctili^ of these modl- 
flcadoDS Is doubted by good authority. 

The object of ubIuk dilute alcohol to absorb the gas Is to promote the stability 
of the product; but it Is donbtful whether this end is gained. 

The heat reqotred Is not far above the boiling point of water. A sand-bath is 
to be preferred to naked flame to avoid bumplne. The reaction should be alow 
and regular, which requires rather diluted solutJons, as here Indicated, and solB- 
clent control of the heat. But too great dilution favors bumping. 

When the process ia carried out as directed In the formula above stated, the 
distillate will contain about 8 to 4 per cent of hydrocyanic add. 

Adjufltment of strength.— Dr. Bqulbb recommends the foUowUig method: 
In a beaker of the capaci^ of 100 C.c. put CiO C.c of distilled water, 5 Cx. of the offi- 
cial solution of potaasa (10 per cent.), and two (h: three drops of a cold saturated 
solution of sodium chloride. Stir the mixture wit^ a small g' ' ■ ■ ■ - 



10 that the stream delivered from tiie pipette may not be exposed to contact with 
the air. The pipette, however, should not dip more than a millimeter below the 
surface of the liquid, to avoid undue iosa of liquid by adhesion to the pipette 
when removed. Btir the mixture gently, and again weigh the beaker and con- 
tents. The difference of this weight and that first taken is the weight of the 
hydrocyanic acid added. Kow run at, from a burette, just enough decinormal solu- 
tion of silver nitrate to produce a slight but permuient turbidity or opaleacence 
in the liquid. Then read off the quantity of silver nittate solution used. Each 
C.c. of the silver solution used is equal to .0054 Gm. of absolute hydrocyanic acid. 
Therefore, .0064 multiplied by the number of C.c. of silver solution used repre- 
sents the total quantity of absolute hydrocyanic acid contidned in the 2.50 C.c of 
strong distillate taken for the assay. The weight of that 3.60 C.c. of distillate is to 
its total contents of HCy as 100 te to the percentage. Thus if the 0.60 C.c, of 
distillate taken for the assay weighed S.42 Om., and If the quantity of silver solu- 
tion used WHS 22 Cc, then: 

2.48 :1188 : : 100 : x, and x equals 4.000-|-per cent 

The receiver having been oireadytared.thewelgbtof itscontentsisnowaacer- 
ttined. This weight multiplied by OXHBOQglveathetotalcontentsof absolute hydro- 
cyanic acid In the strong distillate which Is to be diluted, and enough diatilled 
water is then added to make the total product weigh 60 times the weight of the 
total absolute hydrocyanic acid found In the distillate. 

The product should be subjected to a repetition of the process of assay for 
the purp<«e of verification. 
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Diluted hydrocyanic acid always ausUina loss of hjdroKeo cyanide In 
handling It. Thie weakening of the acid is appreciable In fllllag it in amall 
bottles, and as It must be kept in small bottles, to avoid too great and frequent 
ezpaanre to air in nsing. It may be well to make the product about S.l Instead of 
3 per cent strength to insure that the bottled acid may be slightly above 3 per 
cent. Immediately after bottling, and not much below 2 per cent, before conBomed 
in diapeosing. (Squibb.) 



formed In It According to Squibb, it ma^ turn " nearly as black as dilute Ink " 
within a year and a half, if hfpt in glats ttoppered bottla, and thia chanfce does 
not occur when the acid fa put up iu corked vlala. The action which the acid 
thus appears to hAve upon the ground surface of glass has not been explained. 
The preparation should always be kept in a cool, dark place. 

OFFICIAL ALTSBNATE PS0CS38. 
TLe Fhanoaoopoeia also gives an easily performed process for the 
extempoianeons preparatiaii of diluted hydrocy anio acid, whiob is as 
follows: 

Silver cyanide 6 parte. 

Hydrochloric acid 5 parta 

Distilled water 55 parts. 

S£z these ingredientfl in a glass stoppered bottle, adding the 
cyanide last, and shake well. When the precipitate has Eubaided, pour 
off the dear liquid, which will be the finished product, containing 2 
per cent of HCy. 

Reaction.— AgCy+HCl=:AgCl+HCy. , 

Description.— A colorless volatile liquid, recognized by its odor of bitt«r 
jJmonds. 



POTASSIUH CTANIDE. 

POTASSXI CTAIUDUK. 

KCy=65. 

Potassium feiTooyanide, dried and powdered, ... 8 parts. 

Potassium carbonate, dry 3 part& 

Mix the powdered materials well, throw the mixture into a deep 
iron crocible previously heated to dull redness, and maintain the heat 
until efTervescence ceases and the fused mass solidifies on cooling, 
which may be ascertained by dipping a warm glass rod in it and with- 
drawing. When the fused cyanide assumes a pure white color on 
cooling, poor it out into a shallow dish, and, when sdid, break it into 
pieces and put it up while still warm. 
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Beactdon.-3K,F8Cj,+3KtCO,=10KCr[-aKOCy+SCO5+Fe,. 

ITotefi. — Caro is to be taken to decant the fused cyanide properly from the 
residue — that Is, the pouring must be discontinued as soon as the decanted fused 
salt is no longer white. 

I'he product cont^ns cyanate as well as cyanide. 

Another process consists in conducting hydrocyanic acid Into solntion of 
potaasa to which alcohol has been added. The cyanidti formed Is then deposited 
in small cryatals, which are to be draiopdou a funnel, washed withstrongalcobol, 
in which the preparation is nearly Insoluble, and dried between bibulous paper 
at a moderate heat. 

Being deliquescent, and readily absorbing carbonic acid from the ^r with 
the formation and loss of hydrocyanic add, the product must be kept In tightly 
closed botties. 

Description. — An opaqne white s<did, very soluble In water, possessing the 
peculiar odor of prussic acid. This odor is not observed In the perfectly pure 
dry salt which has not been exposed to the carbonic acid of the air. 

In moist air CO, diBplaces Gj, and the salt in this way becomes contandnated 
by potassium carbonate. 

Tests. — When the solid is dissolTed In water and standard solution of silver 
nitraM Is added, a permanent precipitate does not form until half of the salt has 
combined with silver. 

20 Cc of Vt silver nitrate solution are equivalent to .3600 Dm. of the pnre 
substance. 

Very little of the commercial article possesses the puriQr (90 per cent.) 
required by the PharmacopcEia. 



ZINC CTSASWE. 

ZnrCI CTANIDUM. 

ZnCy,= 116.9. 

Prepared by precipitating a solntioit of ziuo acetate viUik hydro- 
cyanic acid. 



FEBBOCYANIDE OP lEON. 
FEBBI FEBBOCYANTDTnC 

re.(FeCy,),=860. 

Solution of ferric chloride 2S0 C.c. 

Ferrocyanide of potassium 140 Gm. 

Distilled water, eufGcieot. 

]>iliite the solution of chloride of iron with 4,500 C.c. of distilled water. 
Dissolve the ferrocyanide of potassium in 8,000 Co. of distilled water. 
Filter both liquids. Add the eolation of ferrocyanide of potassium. 
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slowly and with coostaat stirring, to the solutioD of cMoride of iron. 
Liet tke precipitate eettle, and wash it first by decantation, changing 
the wash water as frequently as practicable ; then transfer the magma 
to a wetted moslin strainer and continue the washing until the washings 
are tasteless. Letdrain,anddry it on the mnslin, spread in a thin layer. 
If necessary, finish the drying on glans plates in the drying chambOT. 
Bednce the product to a fine powder. 

Beaotion.— 8K,FeCy,+2Fe,a,= 12KCH-Pe,(FeCy^. 

ITOte^ — The dilute coQditJon of the solatloos ia neceasarf because the pre- 
cipitate is Tecy Tolnmiuoiis. It is also necessary that the feme chloride Should 
be in excess over the potassium ferrocyaulde throughout the resction, that for 
this purpose the cysnide sbnijld be tidded to the chloride and not iiic6 vena, and 
that aome feiric cnloride should remain undecomposed at the end. Otiierwise 
the product will be contamiOHted with more potassium salt than when the direc- 
tions given are observed. Under any clrcumBtances there will be a slight amount 
of potassium compouod In the product. Any attempt to wash out aR the potas- 
sium salt wUl result In the formation of ferric oxide which remaios in the prepa- 

The precipitate Is s voluminous magma which is difficult to wash, as It settles 
very Blonly. Washing on a flltei is Impracticable, because the precipitate com- 
pletely closes the pores of the paper. 

' '■ H in the llonid , , 

;;on3iderably facllltatea the 

Deoorii^on.—A dark blue powder or solid mass commonly known as Prussian 
blue. It ismaolublein water and ve^ dilute acids. It forma aacluble compound 
with stroQg solution of oxalic acid, which was formerly much used as an ink. 

TMtB.^It is decomposed by strong mineral acids with liberation of prussic 
acid. Strongly heated in the air it bums like tinder, leaving ferric oxide. 

The powder loses about S5 per cent of water by applicaUon of moderate heat. 

Soluble Fmssian bine Is obt^ned when a solntion of ferric chloride Is 
added to a solution of potassium ferrocyanlde, leaving the latter is excess. A 
precipitate is first formed, but when the mother liquor is washed away the 
precipitate is found to be soluble in pure water. 



MERC0BIC CYANIDE. 
HTBBABaYlU CTAKIDUM. 

HgCyi=252. 

Prepared by dissolving mercuric oxide in hydrocyanic acid. This 
is effected by conduoting hydxocyanio acid gas into a receiver containing 
wat«r and mercnrio oxide. The stdution obtained is treated with mer- 
ciuio oxide tmtil all odor of bydrooyanio acid has ceased, and then 
evaporated to crystallizBtion. 

De MTl ption.— A white ctystalll^ie solid soluble in water and commercial 
alcohol.but almost insoluble In absolute alcohol. Its solution in water dissolves 
mercuric oxide, leaving on evaporation mercuric oxycyanlde. Mercnrio cyaidde 
Is decomposed by dilute hydrochloric scid with llberaUon of prussic acid. 

TeMa.— The aqueous solution should not be alkaline to test paper. A S per 
' " ' " " t become turbid on 
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SILTER CYANIDE. 
ASOEim CTANIDUM. 
AgCy= 188.7 
Prepsred by passing hydrocyanic acid gas into a solation of silver 
nitrate. 

Beaotion.— AgNO,+HCy=AgCy+HNO,. 

DeaorlptiOTi.^A -white precipitate insoluble in water sod dilntA nitric acid, 
but soluble in ammooia water «nd aotutioai of alkali cyanides. 

TestSt — Strongly heated, it slioald give o9 cyaoogen, leaving nietallic silver. 



CHAPTER XV. 



SUUHIDEa 



The sulphides of potassium and calcitun are used in medicine in an 
impure state; both are vater-solnble. The imlpfaidesof meronry and 
antimony are insolable. 



HTDROSULPHURIO ACID. 
ACIDTTH HYDBOSULPHUBIOUH. 

[HTFDBOQBN BUIiFBimt.] 
H,S-84. 

The process of preparing this gas as a reagent has been given in a 
former chapter 
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CARBON BISULPHIDE. 
CABBOITEX BISniJ>HID1TH. 

CS,= 76. 

Cartion bisulphide is freqneDtly employed as a Bolvent ia analytical 
chemistry. 

Hie ptire liqoid does not.poeseas the disagreeable odor of thb oom- 
mcm commeneial preparatiou. 



BULPHUKATED POTASSA. 

POTABSA BUZ.FHUBATA. 

[UmB OF BUZiPHm.] 



snlphor 1 part. 

of potassiimi 2 parts. 

Bub the carbonate of potassinm previously dried, witli the salphitr, 
and heat the mixture gradoally, in a covered crucible, until it ceasea to 
swell and is completely melted. Then pour the liquid on a marble 
slab, and, when it has solidified and become cold, break it into pieoes, 
and keep it in a well stoppered bottle of hard glass. 

Beaotion. — With the proportions given in this formula, and if the temper- 
stare Is not too high, the product Is formed as follom: 4E,C0,-i-&Bi= 

Notes. — The potaadum carbonate must be finely powdered and Intimately 
mixed with the aulphnr In order to obtdn a uniform product. It la best tt> sift 
the mixed powders through a No. 00 or No. 80 sieve. 

A covered Iron dish will answer well for the operation, and moderate heat 
(XW—mOP C.) will snfDce. The mass should be occasionally stirred. When the 
erolntion of ^Mrbon dioxide ceases, and the mass fuses quietij and contpletely, a 
sample sbonld be taken out and put Into twice Its weight of water; when It dis- 
aolves entirely, without separation of sulphur, the fused mass is allowed to cool 
aomewlist, ana Is then poured out into an oiled Iron dish, or on a slab, and covered 
well (with a bell-glaas or otherwise) to exclude air until it is cold. It Is then 
broken into pieces and put away in a dry bottle, which must be tightly closed. 



Desoription. — Irregular pieces of a liver-brown color when freshly prepared, 
uimiug gradually to greenish yellow or brownish yellow, having a faint, disagree- 
able odor, a Utter, alkaline, repulsive taste, and an alkaline reaction. Solnble In 



poridea The aqaeotu solution has an orange yellow color and exhales the odor 
of hydrogeit anlphlde. The latter la abundantly evolved on the addition of 
hydroch](Xlcacid,whllfl,atthesame time.snlpbur Udeposlted. If a solution of 
the salt be boiled with an excess of hydrochloric add, until no more hydro- 
gen snlphlda 1b given off, the cold flltrata, after being neutralized with soda, 
Tlelda a white, crysteUtne predpltate with a saturated solution of bltartrate <a 
•odlom. 
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Tests.— On tritumtiag together ID parts oF aalpbunted potaaea and 12.89 
parts of cryatallized aulphate of copper with 60 parte of water, and Altering, 
the filtrate shonld remaio unaffected by hydrogen solpUde (presence of at leut 
66 per cent, of tme sulphide of potasaluin). 



SODIUM SITLPHISE. 
SODXI STTLFHIDUU. 

A crystalline solid, very solable iu water, sometiioes iised as a reagent 
in analytical chemistry. 



AMMONIUM SULPHIDE. 

AMUOmi SULPHZDUH. 

(NH,),S=68. 
TluB solution is a liquid reagent of great importauoe in analysis. 
Its preparation will be explained in the proper place. 

AMUONIUM 8TJLPHTDBATB. 

NH,SH=51. 
A liquid reagent similar to the foregoing. 

SULFHUBATED LIME. 
CAIJC STTIiPHCntATA. 

A mixture consisting chiefly of snlphide and sulphate of calcioia 
(8CaS.CaS0„ 352). 

Lime, in very fine powder 10 parts. 

Precipitated snlphnr 9 parts. 

mix the lime and snlphur intimately, and, having packed the miX' 
tore viih gentle pressure into a ciuoible so as to nearly fill it, and haV' 
ing luted down the cover, expose the crucible for one hour to a low red 
heat, by means of b charcoal fire so arranged that the upper part of the 
crucible shall be heat«d first. Then remove the crucible, allow it to 
cool, rub its contents to powder, and at once transfer them to small, 
glass stoppered vials. 
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notBB.—The reactions oeCDrring &ra analogous to those which take place 
when Bolphurated potassa Ib made. The most importAut constitueiit of the prod- 
uct is tiie calcium sulphide, ot perhaps a mixture of several calcium sulphides 
la present. Calcium thioBulphate is pTobably also contained In the preparation. 
The Fharmacopceia says that "this preparation is to be dispensed when snl- 
phide of calcium ia prescribed." 

In the new British Pharmscopceia the procees for preparing " sul- 
jtbnrated lime" is as follows : 

Calcitim snlphate, in fine powder 7 parts. 

Wood charcoal, in fine powder 1 part. 

MJT tborooghlf. Heat to redness in an earthen cmcible until the 
l>lack color has disappeared. Cool, and at once put the residne in a 
stoppered bottl& 

It ghonld cxmtain not leae than 50 per cent of calcium sulphide (CaS). 

Beftfltion .— CaS0,-|-2C= Ca8-{-2CO,. 



soLimoir OF sulphttbated lihs. 

maUOB CAX.OIS StTLPHUBATJB. 

Sublimed solphur 250 Ghn. 

Calcium hydrate 100 Gm. 

Water. 1,000 C.c 

Boil blether tor one honr. Let settle, and decant. 
Contains calcium sulphide and calcium hyposulphite. 
(See title. Precipitated Sulphur.) 

It is a dark red brown liquid, having a strong odor of hydrogen 
sniphide. 



FEBBOUS ST7LPHIDB. 
FEBBI SULPHIDUM. 

FeS=88. 

This is a heavy black solid, prepared by fusing scrap iron with 
snlphnr. 

It is used for the preparation of hydrogen sulphide by the action 
of hydrochloric acid. 



BLACK HEBCUBY SULF HIDR 

HYDBABaYBI BUUHIDTTM NIOBUM. 

Mercury 1 part 

" • " a sulphur 1 part 
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Trjtnrate togeth.BT niatil all globalee of mercniy have dlBappeared, 
and a uniform black p<!iwdar is obtained. 

The product is a mixture of merciiric snJphide and solphni. 



phhipied bulfhide op aottmony. 

ANTHHOHH SULFHlbTTH FUBinCATUM. 



Snlphide of antimony 2 parts. 

Water of ammonia 1 part 

Beduce the sulphide of aDtimony to a verj' fine powder. Separate 
the coarser particles by elatriation, and, when the finely divided 
sulphide has beea deposited, pour off the water, add the water of 
anunonia, and macerate for five days, agitating the mixture frequently. 
Then let the powder settle, ponr off the water of ammonia, and wash 
the residue by repeated affusion and deoantatJon of water. Finally, 
dry the product by the aid of heat. 

Note. — Bj thta treatment til bat D«cea of areenic is removed. 

Beaorlption.— A heaTV dark gray powdei 

lubte with decomposition in bolUug Btrong b 

obtained is precipitated by addition of water. 

Teats. — Fuses with a mixtnre of sodinm nitrato and carbonate to a white 
mass, which can be examined according to the proceas fiveu for the eeparation of 
the third group of elements under the head of QaalltaoTe Analysis. 



SULFHiniATED ANTIMONY. 

ANTHf oirruM sui^bsub^twi. 

Chiefly antimonioos sulphide (Sb,S„ 386) with a very small amount 
of antimoDious oxida 

Purified sulphide of antimony 1 part 

Solution of soda 12 parts. 

Diluted Bulphnric acid, sufBcient. 

Mix the sulphide of antimony with the solution of soda and 30 parts 
of distilled water, and boil the mixture over a gentle fire for two hoars, 
constantly stirring, and occasionally adding distilled water so as to pre- 
serve the same voluma Strain the liquid immediately through a 
double muslin strainer, and drop into it, while yet hot, diluted solphn- 
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ric acid BO loELg as it produces a precipitate. Wash the precipitate with 
hot distilled water until the wafihlngs are at most bub very slightly 
clouded by test solution of <^oride of barium; then dry the precipitate 
and rub it to a fine powder, 

Heactioii.— First, SbA + BNaOH = Na,8bO, 4 Na.Sb8, + 8H,0; then 
2N«,SbO, + 8H,SO, = 3Na^O, + 8b,0,+3H,0, and 3Na,6b8, + 3ILS0,= 
8Na^O.+9bA+3H,8- 

DaaoriptioiL. — A reddish broira powder, Insolubla in wat«r or alcohol, dU- 
soItm when heated with strong hydrochloric acid In considerable excess, butwith 
^ecwnposition. Hydrogen sulphide tg given off, and tbs solution contains anti- 
mony chloride, which la precipitated by water. 

Teats.— The powder Bhonld give nothing to boiling water. 
Dissolve a Qfu. or two of it, as described nnder the foregoing, and test for 
other metals. 



ANTIHONIC SULPHIDE. 

ANTtMOmi StTLFHIDUH FI^VTTM. 

Sb,Ss=400. 

Fnrifi^ black sulphide of aotimoiiy 18 parts. 

Sublimed sulphur 4 parte. 

Soda 18 parts. 

Water 50 parts. 

Sulphuric acid, distilled water, each sufficient. 
Triturate the aatimonious sulphide and the sulphur together until 
mixed; add the mixture to the soda previously dissolved in the water; 
boil the mixture with constant stirring about fifteen minutes, or until 
no more of the powder dissolves. Filter, evaporate the filtrate, and let 
it cool, that crystals may form. Hinse the crystals hastily with a little 
weak sods solution, and dry them by pressing them between bibulous 
jiaper. (These crystals are the so-called " Sohlippe's Salt " — Xa^SbS, 
+9H,0). Dissolve 100 parts of these crystals in 400 parts of distilled 
water. FUter, if necessary. Dilute the filtrate with six hundred 
parts of distilled water, and pour the dilute eolation slowly and with 
constant Btirring into a mixture of thirty-six parts (by weight) of sul- 
phuric acid and six hundred parts of distilled water. Wash the jtrecipitate 
as rapidly as possible, by affusion and decantation, with distilled water, 
let drain, WLpress the remainder of the water, and dry the precipitate 
with the aid of gentle beat Keep it in a tightly corked bottle. 
Beaotton.— 48b,S,-{-48,+18NaOH=r»NB,SbS,+3NaSbO,+9H,0; 

then, 2Na,8bS.-j-8H,8O,+10H,O= 8bi8i4-3NajSO,.10H,O-|-8H,8. 



HotM. — The direction to wash the crystals of ttchlippe's salt is given for the 
purpose of removing suipharsenate, which is more readilv soluble, and a little 
■oda )■ added to the waah-water in order to prevent oxidation. 
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The solphuric tkcid mnat be in excess ; otherwise the product will be dark 
colored. 

ae wssbingmnst be done with distliled water, and should not be long coa- 
Aflnsion sjid decantalion is therefore to tte preferred. 
Mnat be protected af>;aiQEt exposure to light. 



Tests.— It should give nothing to water. 

It should yield a pertectlj white mass when fused with an excess of sodiiua 
nitrate and carbonate. Ttte fused mass can ba need for the tests for arsenic, as 
described later In detail. 



OXTStTLPHITRET OF ANTIMONT. 
ANTIMOira OXTSUIf HUBETUH. 

[KBSMSB UOTDBJlJ..] 

Purified antimony sulphide i part 

Sodium oarbonate 25 parts. 

Put the sodium, carbonate, together with 250 parts of water, into an 
iron pot, and heat to boiling. Add the sulphide and continue boiling for 
two hours, stirring oonstantly, and replaciug the water lost by evqtora- 
tion. Filter, as rapidly as possible, and while still hot, into a warm 
porcelain dish or stone jar kept in hot water, so that the filtrate will 
cool Tery slowly. When cold, decant the clear liquid from the precipi- 
tate, collect the latter at once on a filter, and wash it with cold distilled 
water until the washings no longer give an alkaline reaction on test- 
paper, or until the washings begin to be colored. Then press the 
precipitate between blotting paper, and afterwards dry it in a dark place 
^ a temperature not exceeding 30" C. (86° F.). When dry, powder it, 
and keep it in tightly closed bottles, protected from light. 

Heaotion.— 3Na,CO,-|-Sb,8,=8Na58+8b,0,+8COi ; and 3Naj8-(-Sb,0,-}- 
NaJCOj=3Na8bO,+6Ns8b8,+COj ; or, stated in one equation, 4Na.CO.+4SbuB, 
=^2NaSbOj+8NaSbS,-|-4CO,. 

K'otes.—The hot solution of sodium BulphandmoDite holds tn solution a. 
considerable quantity of antimonlous sulphide, which, on cooline, deposits 
together with antimonlous oxide. The quantity of soda used is over twen^ times 
the quantity theoretically required by tbe equation ; but this )s done to prevent 
the antimony oxide, as far as possible, from depositing. The boiling should not 
be continued longer than the prescribed time, and the washing sbonld be con- 
cluded without delay, to prevent oxidation. 

By boiling the residue with the liquid a second time, another crop Is ebt^n- 
abla.but this IB richer In oxide and hence not of proper composition. Caustic 
alkalies can be used instead of carbonate, but the product then obtained does not 
have the same handsome appearance. A large quantity of water is employed in 
order that the antimonlous oxide may not crystBllize out. For the same reason 
the liquid is not to be allowed to cool rapidly, but the temperature is madetofall 
very mdually from the boiling heat down to about 40° 0. (104° P.) during a 
period of several hours. The dilute character of the liquid facilitates the depo- 
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sMon of the kenneB, whiclk U readily completed at &e temperature ouued. A 
more concentrated BolaUon of sulphantlmaoila uf Hodium would have a greater 
solvent power on the kermes, which would then be held In solution until the 
liquid fs cooled to a mu,ch lower t«uiperBture, aud the product would then at the 
same time contain an undue proportion of oxide. 

Description. — Properly prepared, kermes Is a benatiful, velvety, dark 

Surplish brown powder, coDtahiing antimonioos solphide and antlmonioua oxide 
I varying proportions. Little crystals of th9 oiide are seen under the microscope 
as shining pnrtlcles. 

IS already indicated for other antimony 



CHAPTER XVI. 



NITBATES. 

Basic nitratea of meronry and Inamutb are insoluble ia water; 
normal nitrates of these metala are split ttp by water into basic aad 
acid salts. All the other nitrates are water soiable. The nitrates may 
generally be prepared by saturating nitric acid with the metals or their 
oxides, hydrates, or carbonates. 



NITRIC ACID. 
ACIDUM NITBICUU. 

HNO,=63. 
To obtain hydrogen nitrate, potassiam or sodiam nitrate is decom- 
posed by hydrogen sulphate: 

KN0,+H,SO.^KHSO.+HNO„ 

or 

2NaN0,+HjS0, = Na,S0,+2HN0,. 

D,= iz..b.G00gle 
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Theoretically, 101 parts of potassium oitrato yield 63 parte of HHO„ 
oorreapondiDg to about 90 parts of the official nitric acid (69.4 pei 
cent. HNO,). The potassium- hydrogen sulphate does not; decompose 
potassium nitrate until the temperature is so high as to decompose the 
nitric acid; hem:e it requires twice as much eulphmio acid to make 
nitric acid from potassium nitrate as it does to make the some quantity 
of nitric acid from sodium nitrate, which is decomposed by sodium- 
hydrc^n sulphate. The proportions to be used are, therefore, 1010 
parts of potassinm nitrate and 980 parte of H^SO, (corresponding to 1020 
parte of oi&cial sulphuric acid); or 850 parte of scdium nitrate and 510 
parte of concentrated sulphuric acid. If sodium nitrate is aaed, the 
sulphuric acid must be diluted with one-fourth its weight 6i water to 
prevent foaming. This foaming is caused by the abstraction of water 
from the nitnc acid by the sodium-hydrogen sulphate, which results 
in the decomposition of the acid 

By using enough sulphuric acid to obtain a residue of acid sol- 
phate, the reaction con be effected at a lower temperature than if the 
minimum quantity be employed, and there is then less decomposition, 
of the nitric acid. The usual practice is to employ about 150 parts of 
concentrated sulphttric acid, diluted with 38 parts of water, to 170 parts 
of sodium nitrate. 

An esperiment illustrating this manufacture has been given in 
Parti. 

Zmpurities. — The moat common ImparltieB Iq commercial nitric acid are 
HjBO„ C], N0„ and iron nitrate. The chiorine is derived from the chlorides In 
the nitrates employed. Chili saltpeter also contains sodium iodide, widch gives 
rise to contaminatioa with ludiae chloride. Tbe iron comes from the iroa 
cjtlndera in which the distillation Is conducted in the manufacture of nitric acid 
on a large scale. [Absolute nitric acid (1.S2 sp. gr.) does not attack metallic iron, 
and the strong acid generated in the iron cylinders attacks the metal but linle. 
Hence iron cyilndera can be used.] The yellow or reddish color of crude strong 
nitric acid Is due mostly to nitrogen peroxide (nitrogen tetrozlde, ti,0„ or 
bypODltrlc acid). Thlo impurity may be removed by beating the acid, to about 
80* to 80° C-, whereby HOj Is driven off. 

Purifioation. —This is effected on a large scale by re-distUlation front giaas 
retorts. The Srat pordon distitUng ever cont^ns the nitric peroxide, cbliwine 
and Iodine. As soon as the distillate ia colorlees and free from chlorine, the 
receiver 1e changed, and the distillatiDQ continued until about ODe-elghth 
remains. To fix the sulphuric acid in the crude nitric acid, a little potassium 
nitrate is added before the distillation. 

The chlorine as well as the nitrogen peroxide may be driven ofl by carefully 
heating the crude nitric acid In a dish or flask aliout one or two hours before the 
diatUlatlnn is undertaken. The loss of nitric acid by this evi^wration is trifling. 
In order to eliminate the chlorine perfectly, the nitric acid must have at least 
1.34 specific gravity. 

Pure nitric acid is made directly from pure potasdum nitrate and ptire 
sulphuric acid. 

Properties. — An extremely acid, corrodve, fuming liquid, of a peculiar, 
stifling odor. It cont^ns 69.4 per cent, of absolute nitric acid (HN O,) and 30.6 per 
cent, of water. Thespeclflc gravity is 1.42, corresponding to 43° Beaume. Nitric 
acid applied to organic substances causes a yellow discoloration, especially of 
nitiogeuous matters, as woolen fabrics and other animal products. 
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Relation of Vttight to Tolnme.— The specific gravihr of Uie official acid 
bcini; 1.^ its specific Tolome Is 0.701. Tlie osiul half-galloa acid bottle holds 
•bout 1 avoirdupois pounds of this acid. 

Action on metals. — 6oid, plBtinnm, (ridiom, rhodium, &nd chromium are 
not afFected b^ nitric acid. Iron, lead and silver are ecarcelf attacked bv con- 
centr&tM nitric acid, but diluted nitric acid dissolves them. Antimony, tin and 
tungsten ore oxidized but not dissolved. Mercury, silver and bismuth dissolve 
reaollf . eapeciaiiy in warm nitric acid, with the evolution of nitric oitde CN,0,) 
which, in contact with the air, at once oxidises to nibDgeu tetroxtde (NjO,), wbicb 
appears as red fumes. 

TOBtB.— The Pharmacopralal testa apply only to ' an acid at least equal In 
portty to that aold by chemical manu Tacturers under the designation of " chemically 
pore* (" C. P."). 

It must be colotleaa. Yolatilizes without residue. The actual strength of 
the acid can be ascertained by accurately diluting H C.c with distilled water eo 
as to make BOO C.c, and then testing this by means of the standard volumetric 
solution of sodium hydrate, as described later. 

Preservation. — Must be kept in glass stoppered bottles, in ■ cool place, and 
protected from light 

UBea>~Pharmaceutically, nitric acid is nsed as an oxidizing agent; for the 
prepantioa of other nitrates ; nltro-hydrochloric acid, etc. 

8.) nitric acid, containing 



Potassa (100 per cent KOH), 81.89 parte 

Potaaaa (90 per cent), e8.U parts 

BoluUon of potasaa(Oper cent.), 12SS.8 parts. . 
Potassium carbonate (Bl per cent), 98,8S parts. 
Potassium bicarbonate, 110.16 parts 



Soda (100 per cent. NaOH), 44.06 parte _ 

Boda (90 per centX 48.95 pans 

Solntlonof st)da(6per cent), 881.80 

Sodium carbonate (96 per cent), 164.09 parte. 
Sodlom bicaibonjite (99 per cent), 98.47 parte. 

Ammonia (NH,), 19.72 parts 

Ammoida water (10 per cent), IS7.S0 parte... 
Ammonia water, stronger (28 per cent), 66.87 

AmaMmium carbonate, 6V.66 parta, 



ammonium nitrate. 



Bpsoiflo Oravity and PeKsentaga Strengtb of Solutions of HITO,. 

(Kolb.) 



Per »Dt. 


8p.gr. 


'w 


ofHNO^ 




s. 


1.031 


1.029 


ID 


1.070 


1.060 


15 


1.090 


1.089 


20 


i.ias 


1.120 




1.200 


1.180 




1JM7 




SO 


1.334 


1.317 


60 


1.393 


1.874 




1.444 


1,428 






1.460 


00 


1.622 


1.496 


100 


1.559 


1.580 
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Streneth.— Tbe V. B. Phannacopceia prescribea an acid of QS.4 pec c«nt 
HN0„h««ngl.4S Bp.gr. Other Phanaacopmias apply the same title to adds of 

Tartons strengths. 



U.S. (1882) 

at BriUm(1885) 

France (1884) 

Netheriands (1871) 

Spain (1865) ; 

Austria (18e9) 

Russia (1880) 

«ermaDy (1883) 

Sweden (Norway & Denmark) '69 
Switzerland (1872) 



wdflc p»»itr. 


Nivmbai of puta 




90.78 


1.42 






99 


1.88-1.84 


• 116 


1.82 


128.4 




131.2S 


1.20 


192.8 



DILTTTED NITBIC ACID. 
AOIDUH HITBIOTTH mX-trTUM. 

mtrio acid 1 part. 

Distilled water 6 parts. 

Mix. Keep the prodaot in glass stoppered bottlee. 
Deflcription.— A colorless liquid, which should leave no residue on evapora- 
tion. It has the sp. gr. 1.069, and the sp. vol. 0.044. 

Tests.— Determine strength by means of sodium hydrate iolutian after dllu- 
tiou with known amount of water. 

SatuTfttiiig power.— 100 parts of the official (U. 8.) diluted nitric add, 
COntlUning 10 per cent of IINO„ will aaturat* : 

Potaasa (BO per cent.), 9.88 parts 1 

8oluaonofpota8sa(0 per cent), 177.78 parts 1 Yielding 18.03 parts of 

Potassium carbonate (81 per cent.), 18.52 parts.. [ potasdiim nitrate. 

Potassium bicarbonate, 15.87 parts J 

. Soda (90 per cent.), 7.05 parts _-- ] 

Solutionof soda (5 per cent), 126.99 parts I Yielding 18.48 partsof 

Sodium carbonate (98 per cent), 28.64 parts.. f sodliun nitrate. 

Sodium bicarbonate (99 per cent.), 13.47 parts j 

Ammonia water (10 per cent.), 36.99 parts "i 

Ammonia water, stronger (28 per cent), 9.64 1 Yielding 13.70 parte of 

parts - - [ ammonium nitrate. 

Ammonium carbonate, 8.81 parts. j 



POTASSIUM NITRATE. 

POTABSII mVFBAB. 

KNO,=101. 

Prepared from crude sodium nitrate by double decomposition with 

potassium chloride. The method is based upon the differences in sola- 

bility of the salts at different temperatures. Potassium nitrate is not 

AS readily solable in cold water as the chlorides of potassium and sodium 
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are; bat in hot water the ohloridea are nnich less soluble thao the 
potaseium nitrate. Thus 100 parts of water at 0° C. (32° F.) will dissolve 
only 13.3 parts of potassitmi nitrate, but 29.3 parts of potassium chloride 
and 35.5 parts of sodium chloride; at 100° C (21'2''F.),however, 100 parts 
of water will dissolve 210 to 250 parts of potassium nitrate, but only 57 
parte of potassium chloride and 39.9 parts of sodium chloride. Whea 
sodium nitrate aud potassium chloride are mixed in water no reaction 
takes place natil the liquid is boilied down; but when the double decom- 
position takes place the sodium chloride precipitates already at a high 
temperature, and is separated from time to time. To facilitate the 
reaction the sodium niirate is kept in excess over the potassinm. 
chlorida . 

The product which crystallizes out is sufficiently pure to be fit for 
most uses without re -crystallization. It contains less than 1 per cent, 
of sodium chloride. 

Furiflcation.'-' Commercial potassium nitrate may be purified by dlsaolrtng 
It in an equal weight of boiling, dlBtilled water, fllterlng, and Btirriug the filtrate 
coDBtaatly until cool. Tha saltpeter sbould first be coarsely powdered to facili- 
tate its solution. 

When cool, set It aaidfl for some houTB. Collect the crysttOe on a filter, and 
let drain. Wash twice by rapidly passing small quantities of diHtilled water over 
the crystals, allowing oil ol the waali-water to pass through before addlce more. 
When the washings no longer give a decided reaction for chlorides (nltli test 
solution of Bilrer nitrate), collect the crystals and dry them between blotting 
paper, or on suitable trays covered with muslin. 

Evaporate the mother lii^uor at about 95° C. (203° F.) to one-third its bulk, and 
let cool during constant stirring. Wash the second crop of crystals as before, 
drain, and dry as before, and add them to tbe first crop. Repeat this operation as 
often as may be profitable. 

Tosimply eranulate potasdnm nitrate it may be dissolved In an equal waigbt 
□t boiling distilled wat(^r, the solution Altered, and the filtrate evaporated, stirring 
constantly with a glass rod or porceMn spatula until a dry, granular salt remans. 

Desaription.-~Colorless, anhydrous crystals, very soluble Id hot water, 
readily soluble la cold, and nearly inwlublein alcohol. They fuse wlUiout decom- 
position, unless the heat be too high. In this case oxygen is given off and nitrite 
and oxiae of potassium left. 

The salt is permanent in dry idr, neutral and without odor. 

Testa. — It should give a perfectly clear solution with water. This acidulated 
with Dltrio acid should not become more than opalescent when treated with solu- 
tion of silver nitrate for chlorides, or of barlnm chloride for sulphates. Ou mixing 
3.03 Om. of the dry powdered salt with the same weight of strong sulphuric acid, 
evaporating to dryness aud igniting, a residue of sulphate, weighing 1.74 6m., 
should be obt^ned. 



SODIUM NITRATE. 

SODII NITBA8. 

NaNO,=85. 
Crude sodium nitrate occurs native in Peru and Bolivia. The 
native sodium saltpeter contains from 20 to 80 per cent, of sodium nitrate. 
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most frequently yielding 50 per cent It ia freed from earth and other 
impnritiea by eolution, straining, &nd crystallization. 

It is purified in the aame way as potaBnum nitrate, by re-crystal- 
lization and by washing with a cold saturated solution of pore sodiom 
nitrate, which removes chlorides present 

Desoriptlon.-'-Colorlesa crystals, slightly deliquesceat, very soluble la 
water, and but sUgbtly soluble In alcohoL 

Fuses at a moderate heat, and at a higher temperature decompoaea, leaving 
some sodium nitril«. 

Tests. — It should give a clear solution with water. This aolndon should not 
gjve a reacdon for more than slight traces of chlorides and sulphates when 
treated with the proper reagents. 



AMMONIUH NITBATR 

AMUOIOX nXTBAB. 

NH.NO,=80. 

Prepared by neutralizing dilute nitrio ooid with a 
ninm carbonate, filtering, and evaporating the solution to crystallization. 
The crystals are kept in a state of fusion at not above 160° C. (320° T.) 
until the salt ceases to givu off watery vapors. 

Desoriptioit.— Colorless, slightly deliquescent pritnutic ciyatals, veiy solu- 
ble in water and readily soluble in alcohol. 

By application of strong heat they break up Into water and nitrogen monoxide. 

Tests. — ^Complete solubility In water, yielding a clear liquid. Volatililr with- 
out residue. Absence of Bulphates and chlorides when tened with eolntioiw of 
barium nitrate and sliver nitrate. 



BABIUU NITRATE. 

BABII ITITBAS. 

Bb(NO,),=261. 

Prepared by neutralizing nitric acid with barium carbonate, and 
evaporating to crystallization. 



Testa.— The solution should be completely precipitated bv diluted sulphuric 
acid. The aqueous solution should ^ve no test for chlorlaes with nitrate of 
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SOLUTION OF ALUMINIUM NITBATE. 

LIQUOB ALUHINU NITBATIB. 

Containing abont 10 per cent of Al5(NO,),.18H^O=750. 

Alum, powdered 33 parbt. 

Sodium carbonate - 30 parts. 

Nibio aoid 20 parts. 

JDissolve the alum end the Bodinm carbonate Beparatoly, each in 450 
parts of boiling water; filter the soluiions; pour the solution of alum into 
the solution of Bodium carbonate, stirring briskly. Add 300 parts of boil- 
ing water. Digest the mixture at a gentle heat until the evolution of 
carbon dioxide ceases; wash the precipitate with hot distilled water, 
first by Recantation and afterward on a muslin strainer, until the wash- 
ings cease to give a precipitate with test-solution of barium chlorida 
Iiet the magma drain thoroughly, and then dissolve it in the nitric acid. 
Evapcmtte the solution to 200 parts. 

ITotes. — The reaction taking place between the alum and sodium carbonate, 
and notes on Oat part of Uie procMS, are ^ven under the title. Aluminium 
Hydntfe. 



NITBATES OF IRON. 

FEBBOUS AITD 7SRBIC NITBATBS. 

Metallic iron is readily dissolved in nitric acid. If the acid ia 
largely dilated and cold the metal is dissolved without any evolution of 
gas, and the solution will contain ferrons uitrate and ammoniiim nitrate. 
But if the acid is more concentrated, red vapors are given off, and ferric 
nitrate is formed. 

The " Uolntion of Pemitrate of Iron " of the British Fharmaeo;>ceia 
is directed to be made as follows: 

Iron wire, cut 10 Gm. 

Nitric acid 45 C.c. 

Dilate the acid with 160 Co. of distilled water, add the iron, and let 
the metal dissolve, taking care to control the reaction, in case it shoidd 
be too violent, by adding a little cold distilled water. When all the 
ircxi is dissolved, filter the solution and add to it enough distilled water 
to make the final product SOO Co. 

This Bolntion has 1.107 sp. gr., and is stronger than that of the United 
States Pharmacopoeia, which is prepared as follows: 
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SOLUTION OF PERBIC NITRATE. 

IJQUOB FSRBI HITBATIS. 

An aqneoas solution containing 6 per cent, ot aohydrouB ferric 
nitrate (Fe,(NO^„ 484). 

Solution of Qonnal ferrio Bnlpliat«. . . .* 18 parts. 

Water of ammonia 15 parte. 

Nitric acid 7 parts. 

Dilute the solution of ferric snlphate witli lOO parts of cold water. 
Pout it gradually into the ammonia water previously diluted with '40 
parts of water. Wash the ferric hydrate in the usual way (see under title. 
Ferric Hydrat«) until the waahinga are only slightly clouded by test 
solution of barium chlorida Drain well, and transfer the magma to a 
porcelain capsule; add the nitric acid and stir well until solution re- 
sults. Finally, add enough water to mate the whole weigh WO parts. 

Beactton— Pe^0H),+6HN0,=Pe^N0^-fflH,0. 

Nates. — This formala ^elds a very satisfactory product If properly carried 
ont Formerly the preparation was made by dissolving iron In aitric acid; tbe 
product then varied according to the degree of coDcentratioQ of tiie acid and the 
temperature employed. 

Desoriptioii. — A reddish colored solution with acid reaction, and strong 
Btfptic taste. 

The specific gravity of the solutiOD Is l.OS, and its sp. vol. 0.903. 

Teats.— -Shoold Im completely precipitated by ammonium hydrate. Barium 
nitrate and silver nitrate should not produce precipitates IndlcaSng aulptatee or 
chlorides. 



LEAD NITRATE. 

. PLUliBI NITBAJ9. 
Pb(NO,)a=330.5. 

Lead oxide, in fine powder 18 parts. 

Nitric acid 15 parts. 

Water 75 parts. 

Heat the ingredients together in a capsule on a water-bath until tho 
lead oxide is dissolved; filter the solution, evaporate it to 50 parte, and 
then set aside to crystallize. Evaporate the mother liquor to obtain & 
second crop of crystals. 

Beaction.— PbO+2HNO,= Pb(NO,)i+H,0. 
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oxide, oxygen, tutd nitrogea l«troxide. 



COPPER NITRA.TE. 
CUFOI NIT&A8. 

Cn(N0,V3H,O=241.2. 

Copper sulphate 50 parts. 

Lead nitrate 38 parts. 

Dissolve the salts, each separately, in 200 parts of wat«r, filter the 
solutions and mix them. Reject the precipitated lead sulphate, filter 
the Kqnor which contains the cupric nitrate, and evaporate it nntil it 
yields crystals on cooling. 

Boaction.— CuSO,.5H,0+PbCNO^=Cu(NO^.aH,0+PbSO,+2H,O. 

Motee.— Copper dlssoKea readily in dilute nitric acid, 8Cu+8HNO,= 
3Cu(NO^-|-4H,0+3N O. Copper nitrate can therefore be nude by that method. 
On evapormon oF the Bolntltni Uie lalt Is obtained in handsome blue crystaU. 

UEBCUBOUS NITRATE. 
HTDBABGYIU PKOTOlTITBAa 

Hg,(NO,)r2H,O=560. 
Mercury dissolves in nitric acid with greater or less rapidity according 
to the temperature and the degree of concentration of the acid. Wbea 
strong nitrio acid is used the solntion will contain merourio nitrate, 
which, however, is reduced to mercnrons nitrate by digestion with more 
mfflcnry. By dissolving mercury iqi oold dilute, nitrio odd, mercurous 
nitrate is obtained. The add should be present in excess, because other- 
wise basic salts are tcHraed which are insoluble in the liquid. The salt 
may be obtained from the solution jn colorless platee which can be 
dissolved in a small quantity of water^ but which decompose if much 
water is added, an acid meronrous nitrate remaining in solution whilst 
a yellow basic mercnroos nitrate precipitates. A dilute solution of 
mercnioos nitrate can theretora not be made without an excess of nitrio 
acid. On heating the neutral mercurous nitrate with more mercury, 
varions banc salts may be formed, according to the quantity of mercury 
disfloWed, and all of these mercurous nitrates are decomposed by water. 



.i^.ooglc 



SYNTHETICAL CHEMISTRY. 



SOLUTION OF MEBCUBIC NITRATE. 
LIQUOB HTDBABQTBI NITBATI8. 

An aqueoOB ttolution coataioing about 50 per <wnt of 
citrate (Hg(NOJi, 324) with free nitric acid 

Red mercuric oxide 8 ports. 

Nitric acid 9 parta. 

Distilled water 8 parts. 

Mix tlie acid aad wat«r and dissolve the oxide in tba mixttu«. 

Keep the solution in glass stoppered bottles. 

Beaction.-HgO+2HN03^Hg{NO,)a+HjO. 

DOBOT^tion. — A colorless, or nearly colorless, heavy liquid, witli strong 
acid reaction ■ 

Its specific gravity is 3.10, and its sp. vol. 0J78. 

Tests. —The addition of distilled water should aot reader the solatioo turliid 
from precipitation ot basic mercurons salt. 

The addition of dilate hydrochltnlc acid should not produce a white precipi- 
tate of mercnrouB chloride. 



The " Liqnor Hydrargyri Nitratis Acidne " ot the Britbh Pharma- 
copceia is prepared as follows: 

Meroary 400 Gm. 

Nitric acid 500 C.c 

Distilled water 150 C.c 

Mix the acid and water in a flask. Dissolve the mercuiy in the 
mixture without the aid of heat. Then boil gently for fifteen miaatee, 
or nntil a drop ot the liquid no longer gives any precipitate in dilnte 
hydrochloric acid. Liet it coed, and preserve the solution, which should 
weigh about 1,200 Gol, in a stoppered bottle away from the li^t 

Beiiction.-3Bg,+16HNO,=6Hg(NO^+2N,0,+8H,0. 



OTNTBCENT OF NITRATE OF HERCUBY. 

■aNGUEHTnM HTDBABGTBI NITSATI8. 

Mercury 7 parts. 

Nitric acid 17 paita. 

Lard oil 76 parts. 

Heat the lard oil, in a porcelain capsule, to 70° C. (158* F.); tiien 
add, without stirring, 7 parts of nitric acid; continue the heat so long 
aa a moderate effervescence continues, and allow ttie mixture to cool. 
DisHoive the mercury in the remainder ot the nitric add, with the aid 



.i^.oe>^ic 



SYNTHETICAL CHEMISTRY. 179 

of snffioieut heat to prevent the soltition from crystallizing; add this 
solution to the mixture before it has become entirely cold, and "lix 
thoroughly. Do not use au iron apatula. 

Votes. — The reactions occurring when fat is treated nith strong nitric ftcld 
are oot well known; however, ttie lanl oil is acted upon with more or less energy 
according to the temperature, and the oleln is converted hy oiidntion at the 
expense of the nitric acid Into elaldin, which Is a firmer fat, having a fusing 
. point of about 83° C. (89.6° F.). It la necessary that the nitric acid used should 
be of full Btren^ in order that Ibis reaction may be completed before the solu- 
tion of mercnric nitrate is added. If the temperature iB-.perfectly controlled, the 
acid used of full Mrength, and the reaction thoronghly completed before the 
nitrate of mercury Is added, the product will be a handsome, firm, lemon yellow 
aintmedt. Iftbeheatis too high, tbe mercury nitrate will be decomposed and 
the product rendered brown, or gray from mercury oxide and reduced metal. In 
mlKing the mercuric nitrate solution with the oxidised fat, it is necessary to stir 
well with a porcelain spatula or Elaas rod until nearly cold, in order to thoroughly 
Incorporate the hravy liquid which might otherwise settle to the bottom of the 
capsize. 



SILVEK KITBATE. 

ABOBNTI NITBAB. 

AgNO,= 169.7. 

SUvei- 80 parte. 

Nitric acid 26 parts. 

Distilled water 50 parts. 

Add the nitric acid and thfl water to the metal in a flask, and heat 
gently until dissolved. Decant the clear liquid into a poioelaiu cBpetde, 
evaporate, and set aside to cryetallize. Let the crystals drain in a glass 
fnnnel, aud dry them by expoenre to the air, carefnlly avoiding contact 
iiUh oiganic matter. 

Keep it in an amber colored bottle, with glass stopper. 

BeaQtlon.-8Ag,-|-8HN0,=6AgNO,44H,O+N,0r 

ITote0.~The metal dissolves rapidly at fiiat, and with conaidarable evoludon 
of beat. AfterwBidL however, the reaction is slower as the Bolutloii becomes 
more concentrated. To prevent loss by spurting, the neck of the Sask may be 
covered by a watch-crynal. 

Whenlarge quautltlea are acted npon the flask may be set in a worm place 
and left for •event] days. The clear liquid Is then decanted from the reddue, and 
the latter ta washed, the filtered waahinga beine added to the other solution. It 
is beat to have the metal present in excess so that a small quantity of It remains 
undissolved. By this precaution vapor? of nitric acid are avoided in the subae- 
ouent evaporation. To remove copper, if present, the solution b evaporated to 
oiynesaand the mass fused in a thin porceltdn capsule (Meissen diBh)overaBaad- 
bath, keeping the salt fused two or three hours uatil a small quantity of it, when 
removed from the dish, dissolved in water, and the solution Altered, Is not turned 
blue hy ammonia water. All of the copper nitrate which was present has now 
been reduced to cnpricozlde. The mass is then poured into a clean polished Iron 
dlah orinortar,anda]lowedtocool; It cannot be allowed to coolintiie porcelain 
dish for that will burst The salt is then redlssolved In dlmlUed water, the 
■olutlon la Altered, and crystallization eflected. Both fused and ciyBtaUlied 
dver nitrate are tn« from water. 
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When too strongly heated the fused nitrate Ujellowiali from nitrite. Eiposnre 
to light turns It graj from reduced metal whea organic matter is jvesent. 

Deaoriptioil- — Colorless tabular cryetOila, very soluble in water, and slightly 
in alcohol. 

The crystals have a metallic taste, and are verj poisonous. Their specific 
itravltj Ig 4.83. They fuse at a temperature of about 300° C.,Bolldif7lngoiicooling 
to a brittle crystalline mass, quit« free from color. 

Teats. — The crfstals should be free from a yellow tinge, and should dls- 
tolve in wuter compleUly. Even when expmed to light the salt should remaia 
uncolored. 

.I6B7 Om. of the crystals when dissolved in water should rpqulre 10 C.c. of 
H, sodium chloride solution for precipitation. 



FUSED SILVER NITBATE. 

ABQENTI NJTBAS FU8US. 

Silver nitrate 100 parte. 

Hydrochloric acid 4 parts. 

Fuse the silver nitrate iu a porcelain capsule on a sand-bath at as 
low a temperature aa possible; then add the acid gradually, stirriDg' 
well, and when nitrous vapors cease to be evolved, mould the salt into 
sticks or cones by means of a suitable mould of bright polished iron^ 
or of silver. 

Notes- — Bythe addition of hydrochloric acid, silver chloride is introduced 
Into the preparation: AgNO,+HCl=AgCl-|-HNO,. The object of this is to 
render the fused sticks more tough and strong. 

DesariptioiL — A heavy opaque solid, nsually of a grayish color. 

About 9S per cent, of the mass Is readily soluble in water. The remaining 5- 
per cent, consisting of chloride, is not It is not so quickly soluble as the pure 
salt 

Tests.— When treated with water the chloride mentioned above fails to 
dissolve. When this Is separated by filtration, dried and fused, it should form a 
compact hornlike mass, and amount te 6 per cent by weight of the whole. 



DILUTED SILVEB NITBATE. 

ABOENTI HITBAS DILUTUS. 

Silver nitrate 1 part 

Potassium nitrate 1 part. 

Fnse the salts together in a porcelain capsule over a sand-bath af^ 
as low a temperattire as possible, stirring constantly until the mass 
flows quietly. Then oast the salt in moulds. 

Less brittle than pure silver nitrate. 

Description. ^A hard solid, finely crystalline, and readily soluble in water- 
It has a metallic taste and caustic properties similar to the pure nitiate. 

Testa.— Should dissolve in water without residue. 

.3394 Gm. should require 10 C.c of an f", sodium chloride solution for pre- 
cipitation. 
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BISMUTH SUBNITRATE. 

BXSBK17THI SUBNTTBAS. 

BiONOrHjO=303.5. 

Sismath, in small pieces 500 Qm. 

Nitric aiad 1,500 Co. 

Sodinm carbonate 2,500 Gm, 

A^omoQia water 1,250 Co. 

Distilled water, enfficient 
Mix 800 C o. of the nitrio acid with 1,000 Cc. of the distilled water 
in a capacioas glase vessel, add the bismnth, and set aside for twenty- 
four hours to dissolve. DUute the solution with 2,500 Cc. of distilled 
"water, so that the ttirbidity produced by the addition of the water no 
longer disappears on stirring; stir well, and again set it aside fortwenty- 
fbor honra. Then filter. 

Dissolve the sodium carbonate in 5,000 Co, of distilled water, with the 
aid of heat, filter the solution, and let it rest until cold. Then add the 
'«old solution of bismuth nitrate very slowly, and with oonstant, active 
stirring, to the sodium carbonate solation. Transfer the whole to a 
wetted muslin strainer, let drain, wash with distilled water until the 
washings pass tasteless, and then let it drain again as completely as 
possible. Put the moist precipitate in a suitable vessel, gradoally add 
the remainderofthenitricacid, being careful to avoid foaming over, and 
when all has dissolved, also add gradually 1,000 Co. of distilled water, 
and set the solution aside for twenty-four hours. Then filter. Dilute 
the filtrate by adding gradually 6,000 Co, of distilled water, stirring welL 
Then add to this, very slowly, the ammonia water, through a small 
siphon, stirring constantly. Transfer the whole at once to a strainer, 
and after draining rapidly, pour over the precipitate S,0(K) Co. of distilled 
water, let it drain again, and press out as much of the liquid as possi- 
ble. Then dry the product on bibulous paper with a gentle heat, and 
rab it into powder. 

Beaotion. — First the bismut!i is diuolved !□ the nitric acid to form normal 
bismath nitrate, thus: 2Bl+8HSO,=aBitNOJ,+3NO+4H,0, Thea bUmuth 
aubcarbonate ie made: 2Bl(NO,),+8Na,CO^U,0=^B10),CO,.H,0+8NaNO,+ 
2U0~ The bismath aubcarbonate Is next re-fUSEolved in nitric acid to form 
normal blsmutiouB nitrate ag^n: {B10;^CO,.H,0.+6HN03=2Bi{NO,)s-HH,0-|- 
CO- Finallj tbe normal blBmuthous nitrate is converted into subnitrate as 
follows: BUNO,>,+aNH,+2H50=BiON0,.H,O-t-2NH<NO,. 

Kotaa. — Tlie metal dlBsolves rapidly at Srst, but toward the last It is best to 
apply heat If economy of time ia desired. Perforated baa kets of stoneware are 
U0ed for suspending the bismuth In the add when bismuth preparations are 
prepared on a moderately large scale, the acid being placed In a stone pot and 
the basket containing the bismuth suspended just below the surface of the acid. 
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Unless the vessel Id which the solution is effected is snfflctentlj large to obviate 
all risk tmd inconvenience from the violence of the reaction, the metal ahould 
be added In portions, each portion to be entdielj dissolved before more is added. 
The capaci^ of the vessel ought to be about three times tlie combined volome of 
the acid ana water used to dissolvs the metal. 

Th? strong solution can not be filtered through paper, for the acid liquid is so 
corro^ve as to destroy the paper, not only defeating the filtration bat also dis- 
coloring the solution. It Is beat to-filter through coBrsely powdered glass orglasa- 
wool, or washed asbestos ; sometimes the solution is filtered through cotton pre- 
viously immersed in dilute nitric acid. Decantation is the easiest method, and. 
generally sufficient, especially when large quantities are operated upon. After 
dilution, however, filtration tiiToagh paper is entirely practicable. 

The object of flrat preparing aubcarbonate of bismuth is to ^t rid of the 
arsenic which the metal contained. This arsenic Is held In the acid solution aa 
bismuth arsenate, nearly all of which precipitates upon dilution of the I'Qutd 
with water, and is removed by filtration after standing twenty-four hours. The 
remainder of the arsenic is left in the last mother llijuor as ammonium arsenate, 
together with the ammoniam nitrate after precipitation of the subnitrate of bis- 
muth with ammonia. 

The character and composition of subnitrate of bisinuth depend greatly upon 
tlie method of its preparation. Among the most important Influences that nSect 
the character of the product are these : The relative quantity of water used iti 
the precipitation ; the length of time the precipitate Is exposed to the mother 
liquor ; the amount and temperature of the water used for the precipitation ; the 

auantity of wat«r and the length of time conaumed in washing ; the use or omia- 
<<ni of ammonia ; and the greater or less care bestowed upon the various detaila 
of the process. 



The process given above probably yields as uniform and satisfactory results 
taany. In order to Insure success each step of the nrocess should be carried out 
11 strict accordance with the precise directions give 



In the Swedish Pharmacopceia the solution of blsmuthona nitrate is evaporated 
to ciystalliiiation and the crystals afterward treated with a definite quantity of 
water. The evaporation must not be carried so far that a cake forms on the 
bottom of the dish, for then the salt will be hard and difficult to manage. The 
clear crystals removed from the mother liquor are carefully made dry by gentif 
pressing them between blotting paper, which operation must be very carefully 
carried out so as not to soil the crystals with fibers from the paper. No heat 
mustbeused in drying the crystals. Tritarat« one p^rt of Uie crystallized salt very 
thorougbty with four parta of distilled water, and then ponrttils mixture intoalarge 
vessel containing twenty-one parts of boiling distilled water, stirring constanUy. 
Let cool ; decant ; and wash the precipitate on a strainer with ten parts of cold 
distilled water, gradually added. After draining as rapidly as possible, press out 
the last of the wash- water by means of a screw press, and dry the product on 
filter paper at not over 80° C. (88» F.). 

In order to obtain a good product, the nitric acid used must he pure, distilled 
water must be used, imd the acid solutions must not come in contact with wood 
or other organic substances, or with metals. 

Whenever the precipitated subnitrate of bismuth Is permitted to remain long 
in contact with the mother liquor in which it has been thrown down, It becomes 
more dense, and at the same time takes up more nitric acid. This must be avoided. 
Long contact with much water also renders the preparation heavier, but at the 
same time more basic Coid liquids will yield a voluminous precipitate; hot 
water makes the precipitate more dense. If the water used for precipitating is 
50° C. (132° F.)the precipitated BUbnitmte will have a composition corresponding 
to about n per cent, of BLjOs; if the water is boiling hot (100° 0.) the subnitrate 
will have a composition corresponding to about BO to 81 per cent of Bi.O^ 
According to Loewe, the precipitate is not affected by a solution of ammonfum 
nitrate, and hence it can lne washed wltii such a solution without danger. 

The precipitate must be dried at a low temperature (not over 80° C.\ but 
must be thoroucihly dry before It is put away. Aftcrremovlng all water thatcaa 
bo gotten rid of by pressing it, the precipitate should be dried in layers. If not 
thoroughly dried it decomposes by the influence of light and acquires a nitrons 
odor. If dried properly in layers, these can lie easily broken and powdered t^ 
rabbiog the pieces through a fine wire sieve by means of a soft brDsh. If dried. 
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Bt too bigb a temperatuTe tiie pieces are hari, not so resdlly pondered, and apt 
to jield a cOHne, harsli powder. 

Good, sabuitrate of bismuth Is soft and balky. 

TestS-^When heat«d to redness, the salt eives off moisture, and afterward 
nitrous vapors, leaving a yellow residue which Is soluble in nitric acid or hydro- 
chloric Bcfd, and which is blackened by hydrogen sulphide. 

On dissolving 1 part of the siiltwlth G paitsof warm nitric acid (sp.gr. 1.200^, ' 
DO effervescence should occur (abs. of carbonate), and no residue should be left 
(aba. of Insoiuble foreign salts). 

On boiling 1 Gm. of the, salt with 10 C.c of solution of soda (sp. gr. 1.260), 
and holding a glass rod dipped in acetic acid over the test tube, not more than a 
faint, -white cloud, but no heavy, white fumes should appear (only traces of 
ammonia). If the preceding muture, after tbcnxiugli boiling, be diluted with 
water to 50 C.c, and filtered, the filtrate, when supersaturated with hydrochloric 
acid, and treatnd with hydrogen sulphide, should not deposit more than a trace 
of a precipitate, which should not have a yellow or orange color (only traces of 
antimony, arsenic, tin). On boiling 1 Gm. of the salt with 10 C.c. of strong solu- 
tion of soda, decanting the liquid from thd precipitated oride of bismuth into a 
longtest-tutra, and adding about O.G Gm. of aluminiam wire cut into small pieces 
<a loose plug of cotton being pushed a short distance down the tube), the gen- 
erated gas should not Impart any color or tint to paper wet with test solution of 
nitrate of silver and kept over the mouth of liie test-tube for half an hour (aba. 
of more than traces of arsenic). 



NORSAIi BISMUTHOUS NITBATE. 
BISMUTHI NITR&8. 

Bi(NOA-5H,0-488.5. 

Fiocoed as in ibe formula for making HUbnitrate of bismuth up to 
the point where the precipitated subcarhonate has been redissolved in 
nitric acid. Evaporate this aolntion to crTstallizatioo. Dry the crys- 
tals hy genUy pressing them between white filter paper, and at once 
put them in a glass stoppered bottle. 

It copper is present the crystals have a blnlsh color. 

The salt is in large, transparent crystals, colorless if pure. Becom- 
poeedby water; soluble in dilute nitric acid, and in glycerin. 

OI.TCEBITE' OF BISUUTH NITBATS. 

CtliTOBHITVM BISUTTTHI NTTBATIS. - ' 

Xormal bismuth nitrate 1 jiart 

Glycerin 8 i>art8. 

Powder the crj'stals by trituration in a mortar. Then add the 
glycerin, aU at once, and »tir until the ealt has dissolved. 

Not««.— If the crystals are triturated nith the glycerin, especially with a 
tmaa qvantity of glycerin, there Is danger that nltro-glycerin may be formed and 
explo^on result. 

The solution is used for preparing certain other bismuth preparations by 
double decomposition, as the oleate, salicylate, and valerate. 
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NmOTES. 



Of these salts potassium nitrite alone need be mentioned. It is a 
valuable reagent employed in the separation of cobalt, and is prepared 
by heating fused potassinm nitrate with metallic lead, whicti takes part 
of the oxygen, or by saturating potassinm hydrate solution with nitrous 
fumes evolved from nitric acid and starch. The nitrate fonn^ is 
separated by crystallization. 

CHLOEATEa 

The chlorates'of potassium and sodium are the only ones employed, 
and both are water soluble, the sodium salt being more freely soluble 
than potassium chlorate. 

FOTASSITTM CHLORATE. 
FOTASSU CHIiOSAS. 

KC10,= 122.4 

This nsefnl salt was formerly prepared by saturating a solution of 
potoBsa with chlorine gas, whereby hypochlorite and chloride of potas- 
sium were formed, the hypochlorite being then d©compt»ed by best to 
form chlorate. 

6KOH+3C1, - 3KC10+3KC1 +3HjO ; 

and then, 3KC10=KC10,+2KCL 

The chlorate crystallizes from the solution on cooling, while the 
chloride remains in the liquid. 

Liebig's method, which is more recent and the one generally 
employed, consists in treating a mixture of calcium hydrate and pota-s- 
sium chloride, in solution, with chlorine gas, when the calcium chlorate 
formed, and the potassium chloride yield potassium chlorate and calcium 
chloride. 

The product is liable to contain a little potassium and calcium 
chloride, which are eliminated by recry stall ization. 

It is purified and granulated as follows: 

Potassium chlorate 1 part 

Boiling distilled water 5 parts. 

Dissolve and filter. Stir constantly with a glass rod until cool. 
CoUect the cr\'stal8 on a filter, let drain, and then dr\\ 
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The mother liqaor ertUl oontains abont six per cent, of its weight of 
the salt, most of which may be recovered by evaporating the liquid at 
aboat 95° C. (203° F.) to one-third its bulk, stirring until oool, and 
collecting, draining, and drying the crystals as before, 

Dasoription. — It cryHtBllIzeB la thin filistenlag plates or short priBiOB; It Is 
but sparingly soluble in cold water, but boiling water dissolves It in Ivge quan- 
litlaa. 

Tei 
no precipitate when treated w 

When strongly heated It should lose 30.3 per cent, of oxygen, and leave a 
residue wblctk is completely precipitated by silver nitrate solution. 



30DIUK CHLOBATE. 
SODH CHLORAS. 

NaCaO,= 100.4. 

Prepared from calcium hydrate and Bodiom chloride with chlorine, 
or from chlorinated lime and sodium chloride, by a procesa anal igoos 
to that for preparing potassiom chlorate. 

It was formerly made as follows: 

Tartaric acid 117 parts. 

Sodium carbonate 110 parts. 

Potassiom chlorate .' 96 parts. 

Dissolve the acid and the carbonate in 1,000 parts of hot water. To 
the hot solution add the pota.ssium chlorate. Potassium bitartrate 
separates, and the solution contains the sodium chlorate together with 
some potassium bitartrate, which deposits during the evaporation to 
crystallization, the last portions being gotten rid of by crystallizing it 
out. 

DeaoriptioiL — A ciystalllne salt much more soluble than potassium chlorate. 

Tests. — These are similar to those employed for potassium chlorate, 

1M.4 parts when fused strongly should leave 58.4 parts of NaCl. 



HTPOCHLOBITE S. 

The following substances depend npoa hyixwhlorites for their 
efficiency. Similar in behavior is the Eau de JatKlle, wliich contains 
potassium hypochlorite, and is made by a procesa analogous to the one 
by which the " chlorinated soda " solution is obtained. 
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CHLORINATED LIH£. 

CAZ^ CHLOBATA. 

EOHLOBIDIl OF LIIIS-] 

A compound resulting from the action of chlorine upon hj^drate of 
calcium and containing at least 25 per cent, of available chlorine. Sy 
" available chlorine " is meant the amount of chlorine yielded by the^ 
preparation apon addition of an acid. It probably contains Ca(OCl)p 
With irater it yields hypochlorite and chloride of calcium. 

Chlorinated lime should be preserved in well closed vessels, in a cool 
and dry place. 

Desoription.— A white or grayish-white, dry, or but alightly damp powder, 
or friable lumps, becoming moist and gradually decamposing on expoaure to tdr, 
harliiK a feeble, chlorine-liKe odor, and a disagreeable aallae taste. It U partially 
soluble in water and In alcohol. On dissolving clUorlnated lime In diluted hydro- 
chloric acid, chlorine gas Is given oil, and there should not remain more than a 
bIQing amount of Insoluble matter. Its solution la diluted acetic acid vields, 
with test solutlou of oxalate of ammonium, a white precipitate soluble in hydro- 
i^larlc acid. The aqueous solution quickly destroys the color of a dilute solution 
of litmus or of Indigo. 

Tests.— If O-1'l Om. of chlorinated lime be mixed with a solution of 1.25 Gm. 
of iodide of potassium in 120 C.c of water, and 9 Om. of diluted hydrochloric 
acid be then added, the red-brown liquid should require for complete decoloratioa 
not leu than GO C.c. of the volumemc soludon of hyuoanlphlte of sodltun. 



SOLUTION OF CHLORINATED SODA. 
UQT70B BOHaS CHLOBATA. 

[IiABABBAQDlfB BOIiUTIOM.] 

Sodium of carbonate 10 parts. 

Chlorinated lime 8 parte. 

Water, sufficient. 

Mix the chlorinated lime well with 40 parts of water in a tared vessel; 
cover it tightly. Dissolve the sodium carbond^ in 40 parts of boiling 
water, and pour this hot solution into the solution of chlorinated lime. 
Cover the vessel tightly, let stand until cold, and then add enongh 
water to moke the whole wei^ 100 parts. Finally, strain the liquid 
through muslin, allow the precipitate to subside, siphon off the clear 
solution, and keep it in a well Btopi)ered bottle. 

Heaction.— Ca(OCl),+CaClj+3NajC0, =2XaO Cl-l-2NaCl-f-2CaCO,. 

ITotes. — The object of using hot solution of sodium carbonate Is to produce 
a dense calcium carbonate, which settles more readily than a lighter precipitate. 
At the same time it should be remembered that high heat decomposes the hypo- 
chlorite of sodium formed, and the value of the preparation would then be 
Impaired by loss of available chlorine. The new Britiah PhaimacoptEla does not 
prescribe hot water. 

Eerp the product In well stoppered bottles. 
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Deocriptioii.— A clear, pale greenUb liquid, of a faint odor of chlorine, a 
disagreeable and allcalliie taste, and aa alkaline reaction. 8p. gr. 1.044. Ita 
Bpeciflc volume is 0.958. Addition of hydrochloric add canses aa tfleireecence 
of chlorine and carbonic oxide gad. It rapidlj decolorizes indigo, im^ produces 
a copious, light t>rowD precipitate with aolutioii of femiue sulphate. 



CHAPTER XVII. 



SXTLPHATEa 

Sulphate of lead and of barium, aad basic menniric eulpbate, are 
insoiable. Sulphate of calcium dissolves in water to but a limited 
extent. The other sulphates are qtute soluble. 



SULPHUBIC ACID. 
ACTDnU SUIfHUBICUH. 

The official Bolphiiric acid is required to coittain not less than 99 
per cent, of H,SO,. 

Crude snlphoric acid is prepared bj oxidation oi sulphurons acid 
by means of nitric acid in the presence of sir and moisture. 

It is commonly called " oil of Titriol," and usually contains arsenic, 
"ead, iron, nitric acid, sulphurous acid, etc When the acid is diluted 
with more than three times its weight of water the lead sulphate 
precipitates. 

Commercial sulphuric acid should be nearly colorless, or but faintly 
yellowish. Tlsually it has the sp. gr. 1.835 corresponding to 66° B., 
and contains about 04 per cent, of absolute hydrogen sulphate. 

Pnrlflcation*.— A mixture of 800 parts of crude commercial Bulphuric acid 
and 1 part of ammoaliun sulphate Is dUtilled from a retort \>y gradually increased 
heat Of er the naked Are. The mixture ia slowly raised to the boiling point, and 
the first 16 parte, containing chiefly water and suIphuroUH acid, are rejected, after 
which the next SZS parts are collected. 

The object of adding the ammonliun sulphate la to remove nitrogenous com- 
posnds by decompodtlon. 
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jftopSTtteS. — Colorleaa, oily, inodorous, htKhly corrosive, charring or falack- 
«iilaK organic subaUnceB bj abstr&ctiug the elements of water. The specific 
j^rav% should not be below 1,840, corresponding to 86" .3 B. It cont^ns st leant 9fl 
per cent, of HjBO,, correHpondlDg to 80 per cent of sulphuric anhydride. When 
mixed with water or w!Ui alcoholcliemlcaJ action takes place, there ia coneider- 
able heat evolved, and a contractloa of volume results. Neither wster nor 
alcohol should be poured into strona; sulphuric acid; but ivhen such mixtures are 
to be made the acid should be added slowly to the WHIer or to the alcohoL as the 
case may be, toprevent accident from spurting caused by the sudden boiling of 
the mixture. Trie heat is caused by the chemical action; when the acid is miied 
with water hydrates are formed, and when it Is mixed with alcohol ether la 
produced. 

Helation of weieht to volume.— The specific gravity being 1.840, it« 
specific volume is 0.548. The usual half gallon acid bottle holds 9 pound- 
avoirdupois. 

Action on metaU.— Dissolves most metals to form sulphates. Lead, 
however, is scarcely attacked. 

Tests.— The Pharmacoppial tests require an acid free from arsenic, nitric 
acid, and sulphurous acid. In other words, no acid below the grade commer- 
«^ly designated as " C. P." Is sufficiently pure. 



Speclflo Oravity and Percentage Strength of Solutions of H^O.. 
(Biaeau.) 



5"h7o,. 


''f^i.^' 


Per cent. 


'^■ 


1 


1.0084 


21 


1.1516 


2 


1.0130 


22 


1.1590 


8 


1.0190 




1.1670 


4 


1.0256 


84 


1.1740 


6 


1.0330 


85 


1.1820 


fi 






1.2280 


7 


1.0464 


85 


1.8640 


8 


1.0636 


40 


1.8060 




i.oaio 


45 


1.3510 


10 


1.0680 


BO 


1.8980 


■ 11 


1.0766 


56 


1.4480 


13 


1.0880 


60 


1.6010 


18 






1.6570 


14 


1.0W80 


70 


1.6150 


15 


1.1060 


76 


1.6760 


16 


1.1136 


80 


1.7340 


n 


1.1210 


86 


1.7860 


18 


I.ISOO 


90 


1.8220 


19 




96 




20 


1.1440 


100 


1,8486 



StrBngth.— The U. 8. Pharmacopeia permits the use of any sulphuric acid 
containing 96 per cent, or over of absolute U,30,, The derman Pharmacopceia 
allows the use of an acid of from 1.836 to 1.840 sp. gr., cout^nlng 94 to 96 per 
cent of absolute hydrogen sulphate. The French Pharmacopcela prescribes the sp, 
gr. 1.840. The British Pharmacopoeia prescribes an acid of l.B43Bp.gr., containing 
98 per cent of H,BO,. 



DILITTED SULPHUBIC ACID. 

ACrDUH 8ITI.FHUBICiriC DUiHTUH. 

Sulphuric acid 1 part 

Distilled water parta. 
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Pour the acid gradually, with cooBtaut Bturing, into the water. 
Keep the product ia glass stoppered bottles. 

Besoription— A colorless liqnld, h&vtng » specific gravity of 1,067 at lff> 
C; its sp. ToL is 0.987. 

It U completely ToUme when heated on pUtiDDm fotl. 

Tests.—Sbould be free from traces of nitric acid as showa by teat with 
Mlutloa of ferrous aulpliate, from traces of hydrociiloric acid sa shown by test- 
wlth solnUna of silver sulphate, from traces of heavy metals as shown by test 
with hydrogen (.uiphide, 

Zlno should dissolve In it, liberating pure hvdrt^en free from hydrogen 
mlpiude or arsenide, as shown by the reaction with lead paper and with the 
Hajshtest 

To neutralize 10 Cx., 21.8 C.c of the normal sodiom hydrate solution should 
be required. 

Batarating pover.— 100 parts of dilated sulphuric Bcld, containing 10 per 
cent of H,80j,wni satnrate: 

Potass* (100 per cent. KOH), 11.48 parts 

Potassa (90 per cent.), 12.70 parts 

SotutioD of potassa(5 per cent), 238.60 parts. 
Potassium carbonate fSl per cent), 17.88 parts _ 
Potassium carbonate (100 per cent), 1408 parts 
Potassium bicarbonate, 20.41 parts 

3oda (100 per cent NaOH), 8.18 parts 

Soda (00 per cent.), 9.07 parts 

Solution of sod^(5 per cent.), 188.28 parts 

Sodium carbonate (98 per cent), 80.40 parts. 
Bodlnm carbonate (100 per cent.),39. 18 parts. 
Sodium bicarbonate (99 per cent.), 17,14 parts 
Sodium bicarboiwte (100 per centX 17.81 parts 

Ammonia (NH^ 8.469 parts 

Amntonia water (10 per cent.), 84SS parts... 
Ammonia water, stronger (28 percent), 12.89 

AmmODlom carbonate, 10:68 parts 



ABOHATIC SUIf HUBIC ACID. 

ACIDUK Sin.FHUitICTJU AKOHATICTTK. 

Solphnrio acid 40 parts. 

Tincture of ginger 9 parts. 

Oil of cinnamon 0.20 porta. 

Alcohol, sufficient 
Add the acid gradually to 140 parts of alcohol, aud let the mixture 
cooL Then add the tiBctaie and the volatile oil, and finally enough 
alcohol to make the total product weigh 200 parts. 
Should be preserved in glass stoppered bottles. 

ICotea. — By the action of the sulphuric acid on the alcohol, etbvl-suiphnrlc 
■cid and etherare formed. The preporationconaequentlycontainssulphturlc acid, 
alcohol, ether, and ethyl-sulphuric acid in sddltlon lo the aromatics, which are 
also modified and partly decomposed by the strongly acid liquid. 

Formerly this preparation was made by mixing a compound tincture of ginger 
and cinnamon with sulphuric acid and alcohol. The larger quantity of organic 
aubstances contained in the product so obtained caused the continuous formation 
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of sediment bf the action of the Hulphurtc acid.' In the present preparMiwi this 
difflcultj iB to Bome extent avoided. The old aromatic snlphurlc acll was very 
dark, brownish red, and contained more ginger and lew cinnamon than the new, 
which is of a much lighter reddish brown color. 

Desoriptioii. — HasO.9llSBp.ffr., andcontaiiu about 30 per cent, of official 
sulphuric acid. Its sp. vol. is 1.047. 

Teste. — 0.8 Gm. diluted with 20 volumes of water, and filtered, should reottire 
ba complete neutralizatltm not less than 86 C.c of tbe ntomal solntioD of soda. 



HAl.Xi£B'8 ACn> SBOPa 

Uq,nOB A.0IDU8 HAUiBBI. 
Ibis is a miztiire of equal parte by weight of aloohol and solphiirio 
acid. The acdd must be added to the aloohol gradually and oantioasly, 
Tfith coDstaat stimng, in order that the temperature may not rise so 
liigh as to cause the liquid to boiL The liquid ooataius alcohol, snl- 
phurio acid, ether, and ethyl-anlphurio acid If the aloohol was pore, 
the preparation is colorless. 



POTASSIUM SUItPHATE. 

POTASSn SULPHAS. 

K^,=174. 
This salt is prepared by the action of salphnric aoid on potassiiiin 
chloride. Ite solntioa in water is used as a reagent for the deteotjon of 
strontium. 

SODIUM SUIf HATE. 
SODn SULPHAB. 

Na,SO,.10H,O=322. 

Obtained as s by-product in the preparation of the phosphates of 
iron, and in severtd other processes. 

CABL8BA35 BAIiT. 

BAli CABLBBADBNB]) rAOTinUlC. 

Sodium chloride 1 part 

Sodium bicarbonate 2 parte. 

Sodium sulphate BO parts. 
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The cMoride and the bicarbonate miiHt be veil dried, i^eparately, 
and then powdered. The sulphate, in crystals, should also be })0W- 
dered separately, which can hardly be effected otherwise than by 
graunlating the previonaly dissol'ved salt If dried sodium sulphate ia 
used, the product will yield hard lumps when water is added, and these 
hard particles dissolve but slowly. 

ITotes. — This preparation differs from the natural Carletiad salt in tbst tlie 
latter cont^ns alao some potasaium sulphate. It should be Icept in tightly corked 
bottles in a cool place. After long keeping, however, it acquires a disagreeable 
odor, reminding of I;e. 

A white ci^talline powder, readily solubie in water. 



AMMONIUai SULPHATE. 
AMUOim SULPHAS. 

(NHJ,SO.=132. 

Obtained as a by-product in preparing ferric hydrate and in Beveral 
other processes. Zt may also be made by neutralizing diluted sulphuric 
acid with water of ammoQia, filtering, and evaporating to cryetalliza- 
tioii or granulation.' One hundred Tolumes of diluted sulphuric acid 
^10 per cent.) will require about 40 volumes of official water of ammonis. 



CALCrCTH SULPHATR 
CAX.cn SULFHAa 

CaSO,.2H,0=172. 

This salt is bat very sparingly soluble in water. The solution is 
sometimes employed as a reagent in the laboratory. 

DBISD CALCnnC SULPHATE. 

OALCn Sm-PBAS UBTTIB. 

CaSO,= 130. 
^Vhen caloitum sulphate is deprived of its water I^ heating it to 
between 100° and 200° C. (212° to 892° F.) it is converted into so-called 
pUuter of Paris, which is anhydrous calciom sulphate. This, when 
mixed with enough water to form a thin paste, hardens in a few minutepi, 
and hence its use for castings, bandages, etc 
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MAaNSaHTM SXTLPHATK 

UAQNESn 8ULFBAS. 

[KPSOM SALT.] 

MgSO..7HjO=240. 

A eolation of this salt contsimng ammoainm chloride and hydrate is 

a valuable reagent for the detection of phosphates and arsenates. 

The crystals lose water in dry air and become onhydroos by appli- 
cation of strong heat. 

The solation in water shoold be perfectly clear, and should not be 
precipitated by ammommn sulphide nor by ammoniam hydrate or car- 
bonate after addition of ammonium chloride solution. 

DBIED HAGHESIUU SULPHATE. 

MAaNBSn BULFHAB XXBIOOATUS. 

MgSO,.2H,O=150. 

At 30° to 52° C. (86° to 126° F.) the crystallized magnesium snlphat© 
loses 1 molecule of water of crystallization, and 1 additional molecules 
of water are expelled by drying the salt by water-bath heaL 

The product ia a white powder, which readily absorbs moisture from 
the air, and, therefore, must be kept in tightly closed bottles. 

ZINC SULPHATE. 
ZIITCI SULFHAa 

IWHITB VITBIOIi,3 

ZnS0..7H,0=286.9. 

Zinc clippings, or granulated zinc 4 parte. 

Sulphuric acid 6 parte. 

Dilute the acid with 30 parts of water; add the zinc gradually. 
When effervescence has ceased, digest with the nndissolved portion of 
the metal for a few days. Filter. Evaporate the filtrate until a drop 
becomes turbid on cooling. Then let the solution become cold, stining 
constantly so that small crystals may be formed. Collect and dry these 
on muslin. Evaporate the mother liquor to obtiun more crystals. 



.l^.OO^^IC 



SYNTHETICAL CHEMISTRY. 193 

Beaotion.— Zn+H^4=Zii80,-|-H^ 

Notes.— The ztoc Bboold be nearly free from other metalB. If It contaios 
Iron, the zinc sulphate contaminated with ferTouB sulphate will become yellow in 
time bv'tiie oxidation of the ferrous to ferric salt. Zinc sulphate containing iron 
will, of coarse, be unSt for the preparation of zinc oxide. 

Anj iron and manganese present in the metal wUl not be removed by dlKea- 
tioD with an excess of zinc; but lead, copper, and cadmium, if present, are tbos 
separated. The gray flocculi which are formed when the zinc is dissolved in the 
add are mainly lead. 

Pure zinc dissolves with difficulty In tbe acid; If it contains iron It dissolves 
more rapidly in proportioa to the Iron in It. 

The solution should not be too concentrated for cTyst&ilizinK, for when the 
salt ia crystallized from a warm solution (over 80° C.) the crystals lormed contain 
leas water of cry stall ization (ZuSOj.5H,0). Tbe crystaJs should be dried without 
the aid of heat, or at least at a temperature not exceeding 30° C. (86° F.). 

Impure zinc sulphate may be purified to a great extent by recrystailization. 
The salt crystallizes twst from a slightly acid solution. 

Zinc sulphate may also be made by saturating sulphuric acid with zinc oxide 
and crystallizing. 

Desoriptdon. — Bmall, colorless crystals, very soluble In water, and insoluble 
In alcohol. 

They have a sharp metallic taste and effloresce in dry air. At a high tempera- 
ture all of the water of crystiJlizaUon may be expelled. 

Tests. — The solution in water should give a perfectly white precipitate with 
ammonium sulphide. It should be precipitated white by ammonium hydrate, and 
be com^pletely dissolved when excess is added, showing absence of iron and 
' aluminium compoumls. 



ALUMINIirH SULPHATE. 
ALUvmrn bulfeas. 

Al,{SOJ,.18H,0=fl66. 

Alnm 30 parte. 

Sodium carbonate 28 portR. 

StUpbtiric acid 9 parts. 

Dissolve the almn aud the sodium carbonate, each in 400 parts of 
boiling water, filter, and pour the hot alom Bolntion into the hot eolntion 
of sodinm carbonate, Btirring constantly. Digest the mixture at a 
gentle heat until the evolution of carbon dioxide ceases. Wash 
the precipitate with hot water until the washings no longer yield a 
precipitate with test solution of barium chloride. Then let the precipi- 
tated aluminium hydrate drain as far as possible, and dissolve it with 
the aid of gentle heat In the snlphuric acid, previously diluted with 50 
parts of water;, filter the solution, evaporate it until a pellicle begins t:> 
form, and then continue the evaporation with constant stirring, over a 
water bath, until a nearly dry white salt remains. . 

For reactions and notes see under title, Alumininm Hydrate, : 
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Teets.- Sbonldyieldafiocculent perfectly white precipitate with a 
hydrate. .686Gm. disiiolvediQ water, aod precipitated aa above, gives a precipltata 
which when washed, dried, isnlced and weighed, should amount to .103 Gm. 

InpraclpltatlDg, only a slight excess of ammonia water must be added, anil 
the solution bdled. 



FOTASSA ALUBL 
AIiUMIirn ET POTASSn 8ITI.FHA8. 
K,AL,(SO.)..24HjO= 948. 
This serves as the material for the preparation of several' other 



Tests. — When strongly heated the cryatals should lose 45.57 percent, of their 
weight (water). A solution of the crystals In water should not b« colored blue on 
addition of potassium ferrocyanlde. 

From an aqueous solution sodium or potassium hydrate throws down a bulky 
white precipitate of aluminium hydrate, soluble in excess. Ammonia pcodncee 
ihe same precipitate, which is nearly Insoluble In excess of this reagent. The 
nitrate from this should not be precipitated by ammonium sulphide. 



a-BAjnTLATED ALUH. 

AIiUKBH TCBBrOATlTH. 

Alum 20 parts. 

Diluted sulphnric acid 1 park 

Boiling water 40 parts. 

Dissolve the alum in the boiling water, add the acid and mix well, 
filter while hot, and let the filtrate cool, stirring it constantly until 
cold. Collect and dry the crystals. 



GLYCEBITE OF ALVVL 

OIiTCEBITirH jLLUwans. 

Alnm, in fine powder 4 Qm. 

Glycerin 20 C.c. 

Stir them together in a porcelain oapsale, and heat gently over 
:a water-bath until dissolved. Set aside; decant the dear liquid from 
:nny deposit which may have formed. 



.1^.CK>^IC 



i 



8TNTHETICAL CHEMISTRY. 



DBIED AIiTTH. 

AIiUMKN BXBIOOATITH:. 
KaAl,(SOJ,=516. 

Expose 11 parte of alnm, tor several days, to a temperature of ebont 
89° C. (176° F.) unta it has thoiougMy efaoroBood, Then heat it in a 
porcelain dish grsda&lly up to 200° G. (392° F. ), taking care not to per- 
mit the temperature to rise above 205° C (400° F.), and continue the 
heating until a porous white mass remains, weighing 6 parts. 

When cold, powder it, and keep it in well closed bottles. 

ITotAa^PotBsaB alum contains 45.57 per ceot. of water of crTStalllsMIoa. 
When heated to 40° C. (104° F.) it loses about 2,7 per cent of water; at 47* C. 
<116°.6 F.) it loaee 9.6 per cent.; at 60° C. (140° P.) it loses most of its water of Ciys- 
talllzatioQ, but the crji^tala still retain to a great extent their form, and tlieprndncC, 
whicli is not porous, yields a claar aolntion with water. At 80° C. (178° F.) tlie Bait 
efBoresces completely, hut still retains a considerable amount of water. Long 
continued drying at 100° C. (313° F.Jeitpels all of the water and leaves a product 
which is entirely soluble la water. When heated at once above 93° C. (197°.e F.) 
potassa alum dissolves In its water of crystallization, and the liquid solidifles only 
after long standing When gradually beated, as prescribed in the Pharmacopcelal 
working formula, and finally to a temperature betweeo 300° and 205° C, all ttte 
water having thus been expelled without liquefyinK the alum, the product is 
light and porous. Should the heat be too low, a glassv mass may be obtained 
which cannot aftervrards be rendered porous; iu this glassy condition tb» alum 
is said to retain 14 molecules of water. 

A common fiow^r-pot of clav is very suitable for the exsiccatioa of alum. 
Atum in whole cryBtais may also be very successfully dried on hot iron plates, a 
porous product free from water being thus easily prepared. The surface in con- 
tact with the iron will, however, be found more or less discolored, and next to this 
discolored surface will be found a thin glassy crust, all of which must be scraped 
off with a knife, leaving a perfectly sat&factory product 

During the process of heating the alum there la considerable swelling and 
foaming from the watery vapors, toward the close. Hence the dish or pot used 
sboaldbeonly about one-fourth to oue-third filled. During the heating the alnm 
Is not to be snrred. 

Dried alum sbonld be kept In tightly closed bottles. Exposed to a moist 
atmosphere it absorbs water quite rapidly, even to the extent of 18 molecules, or 
over SO per cent, of its wdght. 

DesOTiptiOtL'-'A white powder, soluble in water, Inaoluhle nearly in alcohol. 

Teats- — Tlia solution in water gives a pure white precipitate with ammonia 
water, and is not colored by ammonium sulphide. 



FEBBOU8 STTLFHATE. 

FEBBI SULPHAS. 

FeSO,.7H,0^278. 
On a la^e scale crude ferrous sulphate or "copperas" is made by 
roasting iron pyrites, the mass being afterwards leached out with watw 
acidulated with sulphurio acid. Sulphate of iron is aleo obtained as a 
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by-product in the process of galvanizing iron wire, the bath of dilate 
aalphnric acid employed to clean the> wire beooming finally eatarat^d by 
the metal. 

Among the impurities present in '"green vitriol," or "copperas," 
are manganese, zinc, copper, alnmimum, etc. 

A good grade of copperas is one free from dirt, and consisting mostly 
of clear, or nearly clear, bluish -green crystals. The large, dear, crystals 
are the pnreet Efflorescence on the surface of the crystals is oommoL. 
When the salt is covered with yellow or brownish basic ferric salt, the 
copperas is of poor quality. A bluish tint is indicative of freedom 
from ferrio salt; an opaque green color, without any bluish cast, 
points to oxidation. 

A solution of common copperas in water is unclear. It may b» 
rendered clear by heating to the boiling point, adding a small quantity 
of sulphorio acid, and filtering. The commercial article may be greatly 
improved by this means, the purified salt being recrystallized from th«> 
bright bluish-green solution. 

DesoriptioQ-— Clear green crystals, wblch oxidize quickly ou exposnie to 
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Bolnble in water, insoluble la lUcohoL 
—The BolntioD acidified with hydrochloric acid ahonld not be colored 
by bydrogen sulpbide. 

Tbe pore salt contains Hb.li per cent, of iron, which can be determined by use- 
of standard solution of KHnO,, as given under Volnmetrtc Analysii. 

Pnre ferrous sulphate may be made as follows: 

Iron wire 200 Gm. 

Sulphuric acid 200 C.c. 

Water 1,500 C.c 

Pour the water on the iron in a porcelain dish, add the acid, and, 
when effervescence has ceased, boil for ten minutes. Filter. Set th» 
mtrate aside for twenty-four hours. Then oolleot the oryetals of ferrous 
sulphate, dry them on filter-paper placed on porous brioka. Upon 
evaporation the mother liquor yields a second coop of crystals. 

HeaotiOTi.— Pe-|-Hj80j= Pe80^-t-Hy 

ITotes. — The Iron is used in excesB of amount required by theory in order 
tliat no ferric salt may be formed. The hydrogen, which u liberie! In the 
chemical reaction, has a disagreeable odor from volatile carbon, sulphur, and 
phoaphoruH componnda twoally present 

To still further prevent contamination with ferric salt, the filtrate may be 
acidulated with sulphuric acid before being set aside to cool ; any ferric sulphate 
present will rem^n in the mother liquor. 

The civetals should be dried as rapidly as practicable to avoid oxidation, 
which easily takes place when the salt is moist To facUitate the drying the 
crystals may be hastily washed with a little alcohol, which evaporates rapidly. 

The Bolutton of ferrous sulphate can also be filtered into alcohol, in which the 
salt is Insolnble, as prescribed in the process of the U. S. PhannacopiBia for 
m^ing 
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PBBCZFITATED FEBBOUS SUXFHATS. 

FBBBi em^SAs p&jffioiprrATua 

Ferrous sulphate 500 Gm. 

Hot distUled water 650 C.c 

Diluted sulphuric acid 200 C.c. 

Alcohol 1,0(W Co. 

Dissolve the sulphate in the water previonsly mixed with the acid. 
Filter while hot. Let the filtrate cool, aad then poor it gradually, 
daring constant stirring, into the alcohoL 8et the mixture a-iide a few 
hours, in a well covered vessel. CoUect the crystals on a filter, wash 
them with alcohol until the washings no longer redden blue litmus 
paper, and then let the mass be well drained. Fold the salt between 
bibulous paper, with gentle pressure, and finally expose it to a current 
of air, stirrisg it frequently until quite dry. Put the product in well 
stoppered bottles. 

TTotM.— Ferrous Bulphate Is inaolabls, but ferrio snlphote ia soluble, in 
aloobol. The presence of uiy ferric salt renders the color of the ferrous sulphate 



ue&rly pure green, wheress s product free from ferric sulphate la bluish green. 
[>eclpitated sulphate oY Iron is la very smaJlcmtsls, and is sometimes deslfTDoted 
na''granulsted sulphate of Iron," although the latter title more properly belongs 
to a preparation made Ins manner anuogous to the process given for making 
granulated alum. 

Desoriptfan. — A pale green powder, corresponding la general properties to 
the large crystals. 

Testa,— VbuoIIj purer than the larga crystala, but the same In general, 
reactions. 



DBIED FEBBOTTS SULPHATE. 

PBBm aOI.PHAB KXBIOOATITB. 

FeSO..H,O=170. 

Crystallized ferrous sulphate contains 7 molecules of water. When 
moderately heated it dissolves in ita water of crystallization; between 
33' C. {dr.i F.) and 90° C. (194° F.) the salt loses 6 molecules of that 
water, but the seveuth molecule of water is not expelled until the heat 
is raised to 280° C (530° F.), at which temperature partial decompo- 
sition of the sulphate is liable to take place. The Fharmacopceial 
"dried sulphate of irou" in ferrous sulphatewith one moleculeof water. 

In exsiccating ferrous sulphate, liquefaction of the salt, by solution 
in its water of crystallizaMon, must be avoided if a light-colored 
product, unoxidized and free from hard particles, is to be obtained. 
The ferrous snlphate ebonld be pore, and granolated, precipitated, or 
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otherwise reduced to 4y>arse powder. It maj then be epread out in & 
thin layer on paper and be. placed ia a drying room where the temper- 
ature is about 40" O. (104° F,). The diying may also be effected by 
the heat of the sun until thoronghly effloresced, or couverted into a 
white powder. Occasional stirring ia required. Should the temper- 
ature, exceed 50° C. the salt partly dissolves iu its water of erystaUiza- 
tiou and the liquid penetrates the paper. Delf plates may be used . 
inatead of paper, or porcelain or iron dishes. If the salt is allowed to 
become so hot aa to dissolve in ita water of crystallization, it will oxidize 
more rapidly, and becomes discolored. After having effloresced, how- 
ever, it will no longer liquefy even at water-bath heat, or higher 
temperatures. If water-bath heat is used iu finishing the exsiccation, 
several days' heating will be necessary to ex]>e1 the last portions of the 
sixth molecule of water; but an almost white product may readily be 
obtained, amovmting to about 64 to 65 per cent, of the crystallized salt, 
without prolon^ng the heating over water-bath beyond a few hours, 
the powder being well stirred during the process. To get rid of the 
remainder of tlie sixth molecule of water it is necessary to raise Uie 
heat to about 120° to 160° C. (248° to 302° F.), continuing the heat 
until the product ceases to lose weight. This prolonged exposure 
inevitably results in a dark-colored product. 

One dm. of dried ferrous sulphate corresponds to 1 ^ Om. of the 
crystallized salt. 

Desctriptinn. —A sraylah white powder, which lasves a slight residue od 
' with wftterj infioluble Id alcohol. 



SOLUTION OF NOBMAI. FEBBIC StOPHATE. 

LIQUOB F£BBI TEB8TTIJ>BATI8. 

ISOI.nTION OF TBBSni.FBA.TIi OB" IBOtT.} . 

An aqueous solution of normal ferric sulphate (Pe,(SO,)„ 400), con- 
taining 28.7 per cent, of that salt. 

Ferrous sulphate 80 parts. 

Sulphuric acid "15 parts. 

Nitric acid, sidEcient. 
The ferrous sulphate ia to be in a coarse powder. Its oxidation ia 
effected in a porcelain dish capable of holding at least twice the quan- 
tity of final product to be made. 
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Pat fifty parts of distilled v&ter in the boiling dish; to tliis add 
gradoHlly the snlphiirio add, and aft«rwards eleven parts of nitric 
Bcid. Place the TesEel onder a hood so arranged that the gas escaping 
from the liquid will pass out through a floe. Heat the liquid to the 
boiling point and then odd the ferrous sulphate gradually, waiting after 
each addition tantil effervescence has ceased before adding the next 
portion, and stirriBg the mixture constantly. 

When all the ferrous sulphate has been added, test the solution for 
ferrous salt Upon adding a few drops of it to freshly prepared test- 
solution of ferricyanide of potassium there will be no blue coloratiou 
nor any precipitate if ferrous sulphate is absent In that case the solu- 
tion is to be heated until free from nitrons odor. 

Should the presence of ferrous salt be revealed by the test, add more 
nitric acid, drop by drop, to the hot liquid so long as ii; causes red fames 
to be evolved. Continue heating the solution until it acquires a reddish 
browD color and is free from ferrous salt, as ascertained by the ferri- 
cyanide of potassium test, which should at most produce a greenish 
brown discoloration. Should the solution then have a nitrous odor, boil 
the liquid briskly until this disappears. 

Finally add enough distilled water to make the whole product weigh 
two hundred parts. 

Beaction.— 6Fe80j-|-8HjSOj-t-3nNO,^ 3Fe,(S0,),-|- NjO,-|-4H,0. 

ITotes.— The oxidation of ferrous sulphate to ferric sulphate by nitric add 
takes place much below 100° C. (212° P.). Wateivbatb beat is, therefore, BufBcient 
for tbfe purpose. The process is, however, hastened bythe appltcatioa of a aoine- 
what higher degree of heat. 

To oxidize all the ferrous salt is not difficult, a sufflcient amount of nitric acid 
being used. But the prepaiaUon must be free from nitric acid when finished, and 
It is extremely difflcult to expel the excess which Is almost always added in order 
(o complete the oxidation. Sometimes it is directed to boll down the solution to 
dryness, and to redissolve the tough maaa Id water; but even this precaution fails 
to remove all traces of nitric acid. Hence, great care should be ikken not to use 
more nitric acid than is necessary. 

Uses. — For making ferric hydrate and various other fen^c compounds. 

Description. — A dark reddish bTowu8oIution,with acid and styptic taste and 
Twctioo. Minces readily with alcohoL Its sp. gr. is 1.820, and its sp. voL 0.758. 

T66tci. — When tested with potassium feirlcyanide a bine color should not 

3ipeaT. The solution should be completely precipitated by ammonia water, 
elding red ferric hydrate. Nitric acid or nitroes compounds must be absent, as 
shown by test with crystal of ferrous sulphate and sulphuric acid. 



SOLtmON OF BASIC FERBIC SULPHATE. 
ZJQUOB FEBBI SUBBULFHATIS. 

[BOIiTTTIOH or BnBSniiFHATE OF IBON. HONBDI/S SOLUTION.! 

An aqueous solution containing 13.7per cent, of basic ferric sulphate 
(Fe.O(SO,)„ 720). 
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FeircniB Holphate 77 parts. 

Solphimc acid . . . '. 7 porta 

Nitric acid, eufiScient 

Pnt SOpartsof distUledwateriiialMnliiigdiBhof porcelaia Addthe 
snlplmrio add, and ihen eleven parts of nitric acid. Heat the miztuie 
to the boiling point, or near it, and then add the ferroos sulphate, in 
coarse powder, a small portion at a time, waiting after each addition 
until the eServescenoe has ceased before adding more. 

The boOing dieh should be lai^ enough to hold at least twice the 
amount of product to be made, and the oxidation must be done in the 
open air, or nnder a funae hood, where the nitrous vvpors evolved will be 
4iarried off through a flue. 

Should the addition of a few drops of nitric add cause further evolu- 
tion of red fumes after all of the ferrous sulphate has been added, more 
nitric acid is to be cantiooaly added until red vapors cease to be given 
off. Then keep the solution boiling briskly until nitrons vapors are no 
longer perceptible and the liquid assames a ruby-red color. Finally 
add enough wcter to make the whole weigh 114 parts. 

Beactton.— 12Fe8Oj+8H,8O,-|-2HNO,=8(Pe,0(3O()5)+N,0,+4H,O. 

Kotes. — Compare with the remarks under Ferric Hydrate and under Solution 
of Normal Ferric Sulphate, This solution has the sp. gt, 1366 and the sp. toL 
a643. 



BASIC PERKIC SITLPHATB. 
FEBBI 8UBSULFHAS. 

ISUBSDIiFSATB OV ISON. MONSIlIi'S BAIiTJ 

re,0(SO,).+aq. 

When solution of basic ferric sulphate is evaporated at a moderate 
heat upon a delf or glass plate, the residue consists of transparent scales, 
which deliquesce on exposure. When dried at a higher temperature, 
the salt turns yellow and becomes less hygroscopic. When the solution 
is painted upon an iron plate with a brush, and the plate heated over a 
naked Same, the residue is alight yellow porous crust, which should be at 
once removed, and powdered while still hot in a warm mortar. The 
}>roduct thus obtained is lemon yellow, qnite hygroscopic, and perfectly 
Tinifonu. 

If the solution is evaporated to dryness in a dish, stirring the drying 
mass, and continuing the heat until a dry powder is formed, the product 
is a coarse, grayish-yellow, gritty powder, not readily soluble in water. 

D,i:lz.;l;.L;.OO^IC 
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MoDsel's powder should be a fine, lemon yellow, hygroscopic powder. 
It mtLst; be kept in a tightly corked bottle. 



AHHOmO-FEBBIC ALUH. 

FBBBI ET AlUHOZni 8ULFHAB. 

[517IJHATX OT IBON AND AMHONIUM. IBOH AIiTTH.] 

Fe,(NH,),(SO.),. 24R,0. = 964. 

SolatioD ot normal ferric Bolphate 300 Co. 

AmmoDiiuD Bulphate 40 Gm. 

Dilated snlphorio acid 30 Co, 

Heat the iron solution to the boiling point; add the ammoninm 
snlphate, and, when this has dissolved, add the acid. Stir welL Set 
the mixture aside in a well covered vessel, in a cool place, for a day or 
two. Remove the crystals frotti the mother llqaor, wash them hastily 
with a little cold water, dry them at once by pressing them gently 
between blotting paper, and pnfe them, without delay, in a bottle, which 
mn.st be tightly stoppered and kept in a cool place. 

The crystals ^lonld be clean, dear, well dev^oped, and of a hand, 
some violet color. 



~Pe^0,)s-HNHJ^O,+84H,O=Fo^NH()^90,va4H,O. 

Ifotea.— The small quantity of sulphuric acid is added, because goodciTStata 
are best obtained wh^n a aliglit excess of acid is present. Should the solution of 
ferric sulphate contain free acfd, the addition of the diluted sulphuric acid is 
tiDDecessary. If there is a deficiency of acid the crystals will be brownish, unclear, 
or very pole. ' 

Desoriptioii.— A violet colored salt, reserobiiog alum la crystalllae form, 
laijoluble In alcohol, readily soluble in water, giviag a brown solution. 

Tests.— The abeeacc of alumina should be shown by boiling the solution 
with pa^asalnm hydrate la excess, fllteriuK, and beating the filtrate with solution 
of ammoalnm chloride; a gelatinous precipitate of oluminiunilijdrate should not 
Appear. 

The solution acldlfled with nitric acid should not yield a white precipitate 
when treated with silver nitrate, showing absence of chlorides. 



lEANGANOUS SULPHATE. 

MAVGAin SUIiFHAS. 

MnS0..4H,0= 221.9. 
Black oxide of mangauese, sulphuric acid, each sufficieDt 
The oxide, in fine powder, is mixed with enfficieut sulphnrio acid 
to form a thin paste; the mixtnre is heated to boiling, and the heating 
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continTied .until a dry reeidne romains ; this ia transferred to a cmcible 
and heated a few minates at a dull red heat. It is then allowed to cool, 
water Is added, and the solution filtered, and evaporated to crystallization. 

The heatings is to decompose any sulphate of iron which may be 
present Should iron be present in the eolntion of mauganous sulphate, 
it may be renwved by digestion with manganous carbonate. 

Eeaction.— 2MnOi+2H,SO.+2H,0=aMnSO,.4H,0.+0,. 

DoBcrlptlon. — A pink or light rose-red orystalline salt, soluble in water, 
insoluble in alcobal. 

Tha amount of water in the molecule depends on the temperature at time of 
cryBtalllzatioD. 

Tests.^ — The acidified solutian should not be colored black by hydrogen 

i_iij. .....■.._»_.. ......._.. __,j_ _. — ! .beence of copper and iron. 

n treated with smmonlnm 



OOFPER SXTLPHATE. 
CUPBI SULPHAS. 

CuS0,.5H,0= 249.2. 

This is usually prepared from the residues of copper-smelting 
works, contaiuiog sulphide or oxide. These residues are digested in 
leaden vessels with diluted stilphuric acid, and the solution of sulphate 
formed ia evaporated to crystallization. Sometimes the sulphide is 
allowed to oxidize in the moist air, whereby sulphate is produced- 
On a small scale the following method may be employed: 

Copper, in filings 6 parts. 

Sulphuric acid 8 parts. 

Nitric acid .... 4 parts. 

Water 30 parts. 

Mix the ingredients in a flask and heat at first gently, and after- 
wards raise the temperature gradually to the boiling point. Boil until 
the evolution of gas ceases, evaporate the solution to dryness, dissolve 
the residue in four times its weight of water, filter and evaporate to 
crystallization. Dry the crystals without the aid of heat. 

HeaotloiL— 3Cu-|-8H,SO.+8HNO,=SCuSO,+N,0,-)-4H,0. 

Desoriptiou. — Deep blue crystals, which lose water when heated, leaving a 
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white anhydrous re^due. Soluble In water, insoluble in alcohol. 

Tsats — The crystals fTequenlly contain small amounts of ferrous sulphate. 
To detect this a solution Ismadeanatreated with chlorine or nitric acid toosldize 
the iron. On saturating now witli ammonium hydrate the latter precipitates u 
reddish hydrate from the deep blue solution. 

A solution of copper sulphate, slightly addifled with hydrochloric acid, 
riiould be completely predpitated by hydrogen sulphide. 
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G-rannlated sulphate of oopper.—Solphate of copper, 

redneed to coarse powder, is dissolved in an equal weight of boiling 
water, and the solution filtered and evaporated during constant stirring 
nntil nearly dry, after whicli the residue is dried by spreading it in 
thin layers on paper and exposing it to corrents of dry air. 

Freoipltated sulphate of copper m&y be made by dissolT 
ing the salt in its own weight of boiling water, and filtering the solution, 
into an equal volume of alcohol 



AUUONZATED COFFEB. 

Copper Biilphat« Om. 

Ammonium carbonate 8 Gm. 

Triturate together nntil effervescence has ceased. Keep the product 
in a tightly -corked bottle. 

Kotea. — Tbla prepHration Is BimiUr In compoaltjon to the ciysUlllne ammo- 
nlsckl copper aolpbate, which Is more unifonn, of baodaome appeatance, and 
prtpared at follows: 



AHHOITIA.CAI< COPPEH SULPHATE. 

OUPSI SUI^PHAB AUHONIAOAIJB. 

Cu(H,N)..SO^.aq. 

Copper sulphate, in powder 100 Ova. 

Ammonia water 800 C.c 

Alcohol 600 C.C. 

Dissolve the snlphate of copper in the ammonia water contained in 
a porcelain capsule, without applying heat (Heat is generated by the 
chemical solution.) When the liquid has become cold, filter it and pat 
it into a wide-monthed bottle of the capacity of 1,000 to 1,200 C.c. 
Then tilt the bottle a little to one side and pour the alcohol slowly and 
carefully into it, letting it run down along the side of the bottle so as 
not to mix with the solution bat to form a separate stratum above it. 
Set it aside, without disturbing it, and well corked, for one or two days, 
and then decant the mother liqnor, and throw jt away. Collect the 
crystals and dry them as rapidly as possible without the aid of beat by 
gently pressing them between bibnlouB paper, avoiding expoenre to the 
air as far as practicable. Put the product at once into a bottle and 
cork it tightly. 

D—oription. — The preparation la in handaome, dark-blue, needle-like 
civsUla, hanng an ammoniacal odor and » oauaeous metallic tute. Soluble In 
1.6 ports of water. 
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It 1h not " ammonio-copper Bulphate," which may be made by mixiag wtn- 
tions of the sulphates of ammonium and of copper. 

AmmouiBcal I^oppe^ sulphate readilj absorbs oxjgea from tile air, and heoce 
acts as an oitdizing agent on ButwtaaceB present In Its soIuIIdu. TbuB, sodium 
thtosulphate is rapidly converted into sulphate ; asparagia and glycocoll to oxalic 
«iid carboDic adcU, etc. 



AI.1TBCCFATED COPPER 8ULFHATB. 

IiAfIS DIVINnB. 

Oopper sulphate 15 parte. 

Alum 15 parte. 

FotaEsium nitrate ITt parts. 

Camphor 1 part. 

Powder the salts and mix them; fuse them t<^ether in a porcelain 
capsule ; let &e maea cool, powder it, and then incorporate the camphor. 



MEBCnmC SULPHATE. 

HYDRABGYBI 8TXI.PHA.& 

HgSO.=296. 

Menmrj- 600 Gm. 

Sulphuric acid 300 C.c. 

Heat them together in a porcelain capsule, stirring const<mtly, until 
the metal disappears and a dry white salt remains. 
Heaotion.— Hg+2H,SO,=Hg80.+SOj+3HjO. 
Notes.— Mercury is Insoluble in cold sulphuric acid. 

Mercuric sulphate is used In the preparation of calomel, corrosive sublimate, 
and basic mercuric sulphate. 

Desoriptlon.— A white powder, which forms with a small amount of water 
a crystalline salt, HgSO,.H,0. An excess of water converta It into yellow basic 
salt 

TortB— DecompOBSsby heatigivlmgoflSOj. Athigh temperature completely 
▼idatlle. 

BASIC MEBCUBIC SUIf HATR 
HmBABGYBI STJBSTJLPHAS FLAVTJS. 

JTHIiI^W^ BnBBTILPHATB OF MSBOnBT. TUBPBTH HpTBBAIhl 

(HgO);JIgSO,=728. 

Mertjury 10 parts. 

Sulphuric acid 5 parts. 

Nitric acid 4 parts. 

Distilled water, sufBcient. 
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Pot the mercury Id a roomj flask, add tiie sidphnrio acid, and tiben 
the nitrio acid, previously nuzed with 3 parts ot distilled water. Digest 
the mixture at a gentle heat until red fames cease to be given off. 
Transfer the mixtnre to a porcelain dish and heat it on a sand-bath, with 
frequent stirring, until a dry, white salt remains. Powder this and 
throw it, in small portions at a time, into 200 parts of boiling distilled 
water, stirring constantly. Having added all of the mercuric sulphate, 
boil the miztare ten minutes, allow it to settle, decant the liquid, trans- 
fer the precipitate to a filter, wash it with hot distOled water untU the 
washings cease to give an acid reaction on test paper, and finally dry the 
product in a moderately warm place. 

Beaotion.— HEj+3H,90j+2HNO,=aHg8O,-i-3H,O-(-N,Or Then the mer- 



Notes. — HeTcnrlc sulphate ckd be mode from mercury and solphnric add 
Withont tbe use of nitric acid; when the latter is added, however, the resctton la 
more easily w:c4>mp1iBhed. 

Basic mercuric sulphate can also be mode b; gradually adding a solaUon of 
mercuric nitrate to aBolutioa of sodium sulphate, the latter salt to be In excess. 



THIOSULPHATES. 
SODIUM THIOSULPHATR 

SODn HTPOBUUPHI8. 

[SODIUK HTTOSniiFHTEn.) 

NaAOr5H,0=248. . 

This important salt, better known by the old name of " hyposolphite 
of sodium," is prepared by boiling sulphur with solution of caustic soda, 
and passing sulphurous oxide into tbe liquid until colorless, or by boil- 
ing sulphur with solution of sodium sulphite. 

On evaporation large crystals having the above composition are 
obtained. Tbe salt is used in tlie laboratory as a reagent in quantitative 
analysis, and very largely in the arts. 
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SULPHITES. 



All of very limited eolability in vater. TJsed in medicine oa acconnt 
of the available Bulpliiirons acid they contain. 



, SULPHUROUS ACn). 

AOIDUH SULFHUBOSUH. 

The " Bulphoioue acid" of the Pharmaoop<»ia of the United States 
is an aqtieoua solution, representing 4.50 per cent, of lt,SO„ oottb- 
sponding to 8,50 per cent of solphnrons oxide (SO,). 
It is prepared sa follows: 

Snlphnrio acid 70 Gm. 

Chuvoal, in coarse powder 10 Otn. 

Distilled water 356 Gm. 

Sodinin carbonate 5 Gm. 

Fat the acid and the charcoal in a flask of aUoat 200 C.c capacity. 
Gonnect the flask by means of bent glass tubing and perforated rubber 
stoppers with a wide mouthed bottle of about 100 C.c. capacity, to be. 
nsod as a wash-bottle and for that purpose one. third filled with water. 
The wash-bottle is to be fitted with a rubber stopper having three 
perforations — one for the glass tube connecting it with the flask used as 
a generator, another for a safety tube, and the third for the glass tube 
connecting the wash-bottle with the receiver, which should consist of a 
bottle of about 500 C.c. capacity. The tube between the generator and 
tlie wash-bottle, and also the safety-tube, should reach nearly to the 
bottom of the wash-bottle; the tube connecting the wash-bottle with the 
receiver should end just below the stopper of the wash-bottle above the 
surface of the wash water, and should dtp about three centimeters below 
the surface of thedistilled water which is put into the receiver. Connect 
the receiver in the same manner with tlie second wide-mouthed bottle of 
50 C 0. capacity containing the sodium carbonate dissolved in 20 C.a of 
water. The joints between tlie pieces of glass tubing should be of soft 
rubber. Having made all the joints tight, apply heat to the flask by 
means of a sand-bath, and continue the heating until the evolution of 
gas has nearly ceased, keeping the receiver at or below 10° C (50° F.) 
by means of cold water or crushed ice. Then remove the receiver, 
shake the contents, and keep the product in dark, amber colored, glass 
stoppered bottles, in a cool and dark place. 
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Beaction.— 4H^O,+3C= *SO,+8CO,+4H,0. 

Votes. — Am soon aa tbe Tsaction CMe«a the wasli-battle muot be at once 
disconnected from the generator; otherwise the racaum produced In the latter 
will cause the liquid hi the wasb-bottle to be forced back Into the flask, caosing 
its fnctnre. The solution of Bodlnm carbonate in the end-bottle is to absorb the 
gns which is not absorbed by the water la the receiver. 

Ddsoriptiou. — A colorleea solution with strong characteristic odor of burn- 
ing sulphur, and eharp acid taste and reaction. Its specific gravity is 1,033 to 

Testa. — It is completelf volatile bj heat, and should be free from sulphnric 
acid as shown by t«sta with BaCL after adding hydrochloric acid. For qaaoU- 
tative valuation see method described later. 

SaturatLng power. — 100 parts of the odiclal solution of sulphurous acid 
will neutralize: 

PotMBlum carbonate, B.3 parts..., 1 Yielding 10.6 parts of potash um sul- 
Potasalum bicarbonate, 11 parts... J phite. 

KZSSrSu";?!,'^-:::; 1 Ywd.ng,B.8p«. «,».,.. .„*«„, 

Cdcium ralde, 8 parta 1 inel^ng 8.5 parts of calcium sulphite. 

Calcium hydrate, 4 parts J -s t™ i^ 

1 Yielding 11.6 parts of mBgnesiom Bul- 
Magnesia, 3.3 parts | phite. 



POTASSIUH SULPHITE. 

POTASSn BTJUHIS. 

K,SOr2H,0=H)4 
Prepared by poseing snlplinroaB oxide into a BolntioQ ot potaasinm 
carbonate until all carbooio acid has been expelled, and then adding 
another equal quantity of potassituu carbonaW The aolation is then 
evaporated to crystallization. See 3odinm Sulpbito. 

Desoiiption.— ColotleSB cryrtals or powder, readily soluble In water, and but 
''"''- '-1 alcohol. Decomposed by adds yielding BO, without deposit of 



flllghtly In I 
sulphur. 



Tests— For the quantitative valuation see the method given later. 

BODIUH SUUHITE. 

BODII 8TJLFHI8. 

Na,SOr7H,0=252. 

Prepared by aatoiating a aolnfdoa of sodium carbonate with snlphur- 

oas oxide, and then adding another equal quantity of sodium carbonate, 

after which the scdntion is evaporated to oiystallization. The process 



.l^.OO^^IC 



208 BYNTHETICAL CHEMI8TEY. 

ia analogous to that for making potassiom sulphite. In both cases a 
bisulphite is first made, and this is couTerted into nonual sulphite by 
the addition of a qnantity of the alkali equal to the amount used in 

making the bisulphite. 

Desorlption. — Colorless prisms or powder, resembling potassium sulpltite in 
moet of Its propertiee. 

Tests. —The value of the salt can be determined by iodine solution, as 
described later. 



CALCHTM SULPHITE. 

CALCII SULPHIB. 

CaSOr2H,0=156. 

By eaturatjng milk of lime with sulphurous oxide, and collecting 
and drying the precipitate formed. 

Description.— A white powder but slightly soluble In water, nrioble in sul- 
phurous acid. This soIuUon is sometimes used to ch«ck fermentation. The salt 
gradually oxidizes to sulphate. 

Tests.— The dry salt yields sulphurous oxide when heated with sclds. Its 
value la determined by solution of iodine. 



MAGNESIirM SULPHITR 

UAaiTESn SULPHIB. 

MgSOr8H.O=212. 

By saturating either magnesium carbonate or magDedom oxide, sus- 
pended in vater, with sulphurous oxide, the crystalline product being 
drained and dried. 

le in water, Insoluble in alcohol. 

ydrochlorlc acid with e 

„ _ r r /hur. The solution test 

a slight tarhidi^ at most. 
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CHAPTER XVIII. 



PHOSPHATES. 



The phoephstes of potassiom, sodium and ammonitim are water 
soluble; other phosphates, used in medicine and pharmacy, are insol- 
uble in crater. They are prepared by doable decomposition. 



PHOSPHORIC ACID. 

AOIDUU FHOSFHOKICnM. 

H;P0.=98. 

Fhoephorio add can be made in variouB ways. It is moat commonly 
made from phosphorus by oxidation with nitric acid. When strong 
nitric acid is used the reaction is more rapid and less heat is then 
applied; when the aoid is dilated, the action being less violent, more 
beat is requisite. 

It requires 13 parts of phosphorus to make 100 parts of the official 
phoBphoric acid. The Fharmaoopceial formula is as follows: 

Mix 500 Gm. of nitric acid with 500 Co of distilled water in a tnba- 
lated retort capable of holding 2,000 Co. Place the retort apon a sand- 
bath, or on a wire gaaze sapport, connect it loosely with a well cooled 
receiver. Add 80 parts of phosphorus previously cut into very small 
pieces. Insert a funnel through the tubulus of the retort and then 
gradually apply heat uutU the reaction begins. Regulate the heat so 
as to prevent the action from becoming violent, checking it, if need be, 
by the addition of a little distilled water. Continue the digestion until 
all the phosphorns is dissolved, and return to the retort, from time to 
time, any liquid which m^ collect in the receiver. 
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^Vhea all the ^osphoms is disBolved transfer the contents of the 
retort to a tared porcelain dish, and heat the liqnld at a temperature of 
nearly but not above 19(1° C. (374° F.) nntil the excess of nitric acid is 
expelled and an odorless, sTrupy liquid remains. Cool the dish and 
contents and add enough distilled water to make the total weight ot the 
product 500 Gm. 

Test the product for nitric, phosphorous and arsenic acids, all of 
which must be removed il present. 

If nitric acid be present, eraporate the liquid until it ceases to give 
any farther reaction for that acid; then let it cool and dilute it with 
distilled water until the prescribed weight (500 Gm.) is restored. 

If phosphorous acid be found in the phosphoric acid, add SO Gin. 
of nitric acid and again heat the mixture until reactions for phosphorous 
and nitric acids cease, and restore the prescribed weight (500 Gm.) by 
dilution with distilled water as in the case described. 

Should arsenic be present, dilute the phosphoric acid with 750 C.c. 
of distilled water, heat the liquid to about 70° C. (158° F.) and then pass 
through it a stream of hydrogen sulphide gas for half an hour. Then 
remove the heat, but continue pas-sing hydrogen sulphide throu^ 
the dilute phosphoric acid until it becomes cold. Close the vessel tightly, 
set it aside for 24 hours, filter the liquid, then heat the filtrate until 
all odor of hydrc^n sulphide has been expelled, filter again, and 
finally evaporate the now purified phosphoric acid until its weight is 
reduced to 500 Gm. 

Preserve the product in glass stoppered bottles. 



Notes. — Tlis phoBpboras used must be free from sulphur; cthPrwlse sul- 
phuric acid will be formed from the latter and coatominate the product. This 
result mlffht, however, be prevented by using an Mceea of phosphorus so that 
aome of it remains undissolved, the phoephoroDs acid being oxidized to phos- 
pboric acid by a fresh poitioo of nitric acid after removing the undissolved 
phosphorus and sulphur. 

As the phosphorus fuses collacdng on the bottom of the retort, or flask, where it 
presents but alunlted surf ace of contact for the action of the nitric acid, the oxida- 
uon is slow. High heat renders the action too violent, unless the nitric acid has 
been properly diluted, as in the official process described above. Nitric acid of 1.30 
sp. gr. is considered most suitable. Whenever the reaction is from any cause too 
violent, there Is danger that particles of phosphorus may be thrown to the surface 
of the liquid and ffinlted, the heat from the combustion fracturing the vessel and 
scattering the burning phcsphoms, the acid liquid, and the red nitrous fumes. The 
temperature need not eiceed 50° C. (123° F.). 

A llask can be used in place of the retort, and the heetiag can be done In a 
water-bath. In that casu the neck of the flask should be covered by a n-atch 
crystal, thn convex side downward, so that the liquid formed by the coniiensation 
of the rising vapors may ran down Into the flask &gala. Should the flask orretort 
break from any cause while undissolved phosphorus remains in it, the use of tjie 
water-bath Instead of a sand-bath would prevent the ijniltton of the phnspfaorus. 

Should the liquid, after the phosphonishasbeen dissolved, contain both phoe- 
phoroUB and anenic acids, and should It then be concentrated to less than three 
times the weight of the phoephoraa coosumed, the phosphorous acid may be 
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oxldtz«d by the concentrated nitric acid bo violently that the Uqnid froths over 
the sides oi the dish unless a little water is added. The aisenic then sepuates aa 
a bmwo powder of redaced metal. 

If the liquid cont^ns phosphorous acid, but no nitric acid, the phosphorous 
acid may be lost during the subaequent evaporatiou, hydrogen phosphide being 
formed unless nitric acid be added to prevent it. 

4H,P0,= H,P+8H,POj. 

Tb6 expulsion of the excess ot nitric acid may be known to have been accom- 
pll^ed when a piece of filter-paper dlnped in ammonia water no longer gives ofF 
white fumes when held over the liquid. 

All of the nitric acid must be expelled before the liquid is charged with 
hydrogen sulphide gas for the purpose of removing arsenic present Otherwise 
sulphur deposits, which is afterwards oxidized into sulphuric acid. 

To facilitate the removal of the nitric acid. Professor Lloyd employs a little 
purified alcohol, and Professor Harkoe adds h small amount of pure oxalic acid. 

The evaporation of the acid mttet be done in well elazed porcelain dishes U> 
avoid contamination with sUicic acid. When silicic acldis present in considerable 

Snantity in concentrated phosphoric acid, it separates In geladnoua floccuH uptm 
iiutlon after standing some time. 

Other mStbOClB.^Phospharic acid has also been made from phosphoros by 
the nae of Iodine or bromine and water. When bromine is empli>yed the phos- 

S horns combines with it, forming PBr, and PBr. ; the PBr. with liEI^ yields 
[,PO,+8HBr,whilethePBrjWlth 4HaO yields H,P0,+5 11 Br; the H,PO, with 
2Br and H,0 will form H,P0,+3HBr. Thus ten molecules of HBr are formed 
simnltaneonsly with two molecules of U,PO,, these acids twing separatod by 
distillation and both utilized. Analogous reactions take place when iodine or 
ctdorine is used instead of bromine. These processes are. however, dauEerons 
on account of the violent chemical action and the explosive character of the 
compounds of phosphorus with the halogens. 

In other processes nitric acid is employed dmultaneonsly with either bromine, 
or iodine, or both. The taydrocld formed is then decomposed by the nitric acid 
liberating the halogen, which ^ain acts upon a new portion of the phosphoros : 
6HBr+3HN0,=8Br,+N,O,4-4H,O. 

Hiese processes are also dangerous. Markoe's method is probably the least 
dangerona of all of them. He mixes 676 parts of water, 96 parts of phosphorus, 
and 1 part of Iodine In a stone jar placed in iee.water ; then 4 parts of bromine 
dissolved In dtlpte hydrobromlc acid are very cautiously added. After 24 hours 



the phoaphorus Is nearly or quite dissolved ; If any of it remans undissolved after 
"""t period, heat may be safely applied to hasten its oxidat'~ """ ■ -" 
mine and excess of nitric acid are then driven off by heat. 



The slow oxidation of phosphorus by moist air at a low temperature has also 
been practiced. 

Ortho-phosphoric add has also been prepared by heating a soloUon of glacial 
phosphoric acid (metaphosphoric acid) in water, the reactions being : 
2HPO,+H50=H,P,0, (pyrophoaphoric acid), and then H,PjO^H,0=2H,POt 

A considerable quanti^ of pyrophosphorlc acid may, however, rem^n 
nadAComposed. 

Amorphous phosphoros Is readily oxidized by nitric acid without danger of fire. 

The reaction be^ns after a few hours, generally withont the application of 
any heat, and having once commenced it progresses very rapidly. If a capacious 
vessel is employed, no danger need be apprehended. 

Properties. — An aqueous solution containing 60 per cent, of ortho-p 



pboricacidandOOper ceuL of water. It is a clear, colorless Mould, without odor, 
of a atrongly acid taste and reaction. 8p. gr. 1.347. Its sp. vol. is 0.742. When 
heated, the liquid loses water, and when a temperature of about 300° C. (392° P.) 



has been readied, the acid is graduallv converted into pyrophoaphoric and meta- 
phosphoric acids, which may be volatilized at a red heat If the dilated acid be 
snperaturated vrith ammonia, addition of "magnesia mixture" produces a 
white, crystalline precipitate. If this precipltaia be dissolved In diluted acetic 
add, the BOlatloD yields a yellow precipitate with test solution of nitrate of silver. 
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l^tB>— When the acid la mixed with water only, its v&lae cui be readily 
determined bj means of the specific gatrity of tile solntion. 3e6 the foUowins 
table. 

The amotmt of phosphoric acid In a solation can also be determined by means 
of the volumetric oranlom solution aa ezplaiDed ttnder the proper heading. Test 
for preBsQCe of anenlc by dilating largely with water and aatoraUng with hydro- 
gen Bulpbide gas. 

The diluted acid treated with aolntion of barinm chloride yields a whit» 
precipitate when sulphates are present. Tbe dilated acid should not give a white 
precipitate of AgCI when treated with solution of silver nitrate. 

When the add is mixed with strong sulplioric acid and cooled, a crrstal of 
ferrous sulphate added should not impart a brown color to tbe surrounding tiqnidf 
showing abeence of nitric acid. 
Speolflo Onvitr and Feroenti^e Strenstfa of SolntionB of H,FO,. 
(Scbifl.) 



S^s: 


^}^- 


<?fiX 


V 




1.0054 


18 


1.1180 




1.0109 


30 






1.0164 


31 


1.1263 




1.0320 


83 


1.1830 




1.0276 


83 


1.1897 






24 


1.1465 




1.0390 


26 


1.1684 




1.0449 


86 


1.1604 




1.0508 




1.1674 




1.0667 


28 


1.1745. 




1.0637 


29 


1.1817 




1.0688 




1.1889 




1.0749 


85 


1.2362 




1.0811 


40 


1.2681 




1.0674 


45 






1.0987 


60 


1.8486 




1.1001 


65 


1.3981 




1.1065 


60 


1.4395 



Satnratiiig pover. —100 parts of tbe official (U. S.) phosphoric acid, con- 
toning 50 per cent, of ortbophoephoric acid (U,POJ, will saturate: 

Potassa,57 parts 

Solution of potassa (6 per cent), 1148 parts.. ... [^ Yielding 

Potassium carbonate, 87 parts 

Potassium bicarbonate, 102 parts 

Soda, 41 parts _ 

Solution of soda (6 percent), 816 parts.. 

[Jodlum carbonate, 146 partB_._ 

Sodium blcarlxHiate, 86 parts 



Ammonia (NHJ, 17.87 pa^ 

3troDgerwaterofainmoDia(28 percent.), 62 parts. 

Water of ammonia (10 per cent.), 174 parts 

Ammonium carbonate, 59.4 parts 



Pl^acop™... 


SVpo*; 


t-^: 


■enUng 98 fails BiTOi- 


Great Britain ___ 

United States 


66.3 
50. 
SO. 

20. 


1.600 
1.347 
1.847 
1.200 


14S 

196 
196 
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acid, Bccordlngly f urnisbes ^469 per cent, of POj. 

Uaes. — The utility of a stronger pho^horlc acid than tte dilot«d phosphoric 
acid of the Phannacopcelas waB recognized in the alith revision of the American 
PhannacopcEla. It Is employed in mukliig certain pharmaceutical preparationB 
ivhere a conceotrated phosphoric acid Is needed as a chemical solvent. It la also 
used for making diluted phosphoric acid. 



DILnTED PHOSPHORIC ACID. 
ACIDUK PHC^FHOBICITH DILU^lfUH. 

Phosphoric acid 1 part 

DistiUed water 4 parte. . 

Mix. 

DoBcription. — An acid liquid vboee denai^ is 1.0567. Ita ep. vol. Is 0.946. 
Its general propertiea resemble tbose of the undiluted add. 

Testfl.— This solution Is examined f oi impurities and for percentage strength, 
aa in the stronger acid. 

Satarating power.— 100 parts of the omdal (U. 8.) diliftad phosptioric 
acid, containing 10 per cent, of H,PO(, will saturate : 

Potassa, 11.4 parts 

Solution of potassa(5j>erceat), 228.0 parts..:. 



PotasMum bicarbonate, 30.4 parts 

Soda, 8.16 parts - 

Sohitioii of Boda (5 percent, 163.8 parts. 

Sodium carbonate,29.2 parts 

Sodium bicarbonate, 17.14 parts 

Ammonia (NH,), 8.47 parts 

Stronger water of ammonia f 28!(NHj), 12.4 parts 

Water of ammonia (lOjtNHs). 84.7 parts 

Ammoui ma carbonate, 10.7 parts 



Yielding 13.S parts of ai 



Strength.— The following table shows th 
«cids of the various Pharmacopmias: 




?bunucap<eU. olHJH),. 


%r- 


NumbwoIpjtlBW- 




20. 
18.8 
10. 






GrofttBritaln — - 

UnhedSt&tes 


1.080 710 
1.057 980 









8TEUPT PHOSPHORIC ACID. 

tJndeT the name of Bjrapy phosphoric acid the manufBCtmring 
chemists sell a strong phosphoric acid of syrupj coaeisteooe. Different 
makeis do not make it of the same strength ; but the official concentrated 
phosphoric acid of the British Phannacopceia (1886) represents a fair 
aver^^ strength. It is of 1.50 sp. gr., and contains 06.3 percent of 
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QI^CUX PaOBPHOBIC AOID. 

ACTDUM FH03FH0BICUM GLAdAUL 

This is meta-phoepboric acid, more or less contaminated with pyro- 
phosphorio acid. As found in commerce it often also contains ^osphates 
of sodium, calcimn, magnesium, eta 

Description. — Commerci&llj', a hajrd glaBsy idhsb, but Bofter and wax-tike 
when pare. It la deliquescent, and disaolreB readily la water and ^cohol. Ttie 
acid l3 volatile at a red beat. 

Tests. — Gives white predpltates with aolutions of barium cliloride and white 
of egg. 

It can be couvertod, by imlling with water, into ordinary phosphoric acid, then 
tested for ImpuritleB as is this. 

FOTASSIUU PHOSPHATE. 
POTASSn FH08FHAS. 

K;,HPO,= 174. 

Prepared in the same manner as sodium phosphate, using potassium 
carbonate to decompose the acid phosphate of calcium. 

Potassium phosphate is a deliquescent, indistinctly crystalliiie, white 
mass, very freely soluble in water. At red heat it is converted into , 
pyrophosphate of potassium, which is also deliquescent 

The tests for purity and per ceni of phosphoric acid are made as 
before. 

SODIUM PHOSPHATE. 
80DU f HOSPHAS. 

Na^0..12H,0=358. 

[DI^BODITTH-HTDBOaBN PHOSPHATBI.l 

Bone-aKh, in fine powdpr 10 parts. 

Sulphuric acid R parts. 

Sodium carbonato, sufficient. 
Wash the bone- ash with about ten times its weight of warm water. 
Then mix the washed mass with the sulphuric acid, stir well and set 
aside in a warm plaee for about three days, replacing the water vrhicb 
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may be lost hj evaporatioD, and etirring occasionall;. Then add 10 
parts of boiling water, mix thoroughly, transfer the mixture to a mnslin 
strainer, and let the liquid p&sa through. Beserve the liquid Transfer 
the magma from the muslin to an earthenware vessel, add 10 parts of 
boiling water, stir well, and again strain the mixture through muslin, 
adding the oolature to that previously reserved. Continue washing the 
residue with boiling water until the liquid passes nearly tasteless. Mix 
the several acid liquids and evaporate the mixture to 20 parts. Set 
this aside a few days. Filter. Heat the filtrate to the boiling point, 
and gradually add to it a solution of sodium carbonate iu hot water, 
until a filtered portion of the now alkaline liquid effervesces when 
mixed with dilute sulphuric acid. Digest the mixture an hour or two, 
and then filter. Wash out the remaining' sodium phosphate from the 
residue by means of hot water, adding the washings to the filtrate. 
Then evaporate the mixed liquids to 10 parts, and set aside to oiystallize. 

Purify the product by re -crystallization after dissolving it in twice 
its weight of water. Bepeat the re-crystallization as many times aa may 
be necessary to obtain a clean product. 

Dry the crystals with as little exposure to the air as possible, to avoid 
effiorescenca 

Beaotion. — First the tri-calcium pho3phate(boae-aah)l9 decomposed by the 
sulphuric actd yielding acid calcinm phosphate and calcium sulphate as follows : 
CarfPOA+2H,80,=CaH^PO,),-f3Ca80,. 

Then the acid phosphate of calcium is decomposed by the sodium carbonate 
as fnllowB : 

CaH,CPO0,+Na,CO,=CaHPO,+Na,HP0,-fC0j-fHjO. 

notetC—When the bone-ash 1b treated with sulphuric acid the miitore 
IwcomeH hot. UHually the powdered boae-a&b is not WRsbed previous to mixing 
it with the sulphuric acid, and no water added until after the powder and acid 
Iiave drst been tboronghly mixed. It orgauic matter be present in the bone-ash, 
sulphurous oxide la given off. Some carbon dioxide will also be given off from 
caldum carbanate in the boue-ash, and sometinieB pyroaulpbocic acid gas is formed 
at the Bame time. If the Ixine-Bsh Is washed with water, the object of vrhlch la 
the removal of alkalies, the wash-water should be drained off thoroughly before 
mixing the moist mass with the acid. When the process is carried out on a small 
scale the washed and drained bone-ash, still wet, should be put in a tared ve&sel, 
the sulphuric acid mixed with It, and flnallyenough boiling water added to make 
the whole mixture weigh three times as much as the bone-ash used. After the 
masB has been digested a sufflcient time to Insure thorough decompoeltfon of the 
basic calcium phosphate, to facilitate which the mass should be frequently and 
thoroughly stirred, the next step la the separation of the liquid containing the 
acid phosphate of calcium, with which the sodium phosphate Is to l)e made, from 
the white mass of calidum sulphate which is to be thrown away after the acid 
liquid has been completely washed out from It and collected. 

On a manufactiu'lng scale this leaching proceas may be conveniently carried 
onttn tubs provided with loose perforated diaphragrasreatlug on suitable supports 
aboDt four or five Indies above their bottoms. A common whisky barrel sawed 
in two in tke middle, furnishes tiro good tube. A hole is bored In one side of 
each tub, about two inches above the Iwttom, and atube about sixlnches in length 
is fitted tightly In the hole. A piece of very coarse, loose gunny-baggiag is 
washed tn warm water and, while sillt wet, spread out over the perforated false 
bottom so as to cover it and extend two or three laches ap on the ^des of the 
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tub ftll around. Th« mixture of bone-asfa, acid aad vtXer Is now put into the tab, 
which should be about half filled. A stick of wood four feet long forniahes a 
good stirrer. BolUnK water is now poured uptm the mass and well mixed with it, 
after which the liquid 1b allowed to percolate through the mass, and through the 
str^ner. Into the space batween the perforated diaphragm and the bottom of the 
tub, ana to run out through the tube into a bucket, or other euitable vesseL 

When the liquor which passes from the tub is nearlr tasteless, or no longer 
acid, the leaching Is completed, the residue of calcium Bulphsteia thrown awaj, 
and the acid liquor is boiled down to twice the weight of tlie bone-ash used. 

Tile concentrated soluttoa of acid calcium pboaphate ia now allowed to stand 
a few days ia order that the calcium sulphate held in solution maj be deposited. 
It la then filtered, diluted with au equal volume of water, and heated to Uke boil- 
ing point. To the hot liquid is now added hot sodium carbonate solution as 
described. 

The quantity of sodium carbonate required wlil depend upon the complete- 
ness of the decomposition of the bone-sah and the liiivlation — in other words, 
upon the amount of acid calcium phosphate contained in the liquor. If the 
work liaa been well done, it will require about 100 parts or more of sodium car- 
bonate to render aitaltne the acid liquor from 100 parts of bone-ash. 

Hot liquids are employed in order that the calcluni carbonate formed may be 
heavy, so aa to separate as rapidly as possible. The sodium carbonate most be 
added gradually, because of the effervescence caused by the escaping eartx>nic 
oxide. Litmus paper cannot be used to ascert^u when sufficient sodium car- 
bonate has been added, because sodium phosphate Itself tias an alliallae reaction. 
After the further addition of sodium. carbonate has ceased to cause eSerrescencfi, 
it la necessary to remove a small portion of the liquid, filter it, and test it by ponr- 
ingitinto a small amount of dilute snlphurlc acid, when It should effervesce. 
The slight eicetia of sodium carbonate added ia necessary to insure satisfactory 
cryBtailLsation of Uie sodium phoepliate, and ttie carbonate remains In the mother 
liquor. 

When the liquid contains an excess of sodium carbonate, the precipitated 
calcium carbonate ia filtered out and washed on the filter with a little hot water, 
the washings being added to the previous filtrate. Evaporate the filtr^e nntii 
reduced to about three times the weight of the sodium carbonate consumed, or 
until a pellicle begins to form on the surface. Then set it aside to crystallize. 

The crystallization 1b best effected when an excess of sodium carbonate Is 
present and the solution is not too conceutraied. It should not be iiastened by 
evaporating down the eolution too far, because the salt then crystalllEes with only 
7 instead of 12 molecules of waier of crystallization. 

The product generally requires purification by recryatallisiation to obtain a 
sodium phosphate which answers the description and tests of the PharmacoptBla. 

DesoriptioD. — Colorless transparent crystals, having a specific gravity oF 
1.55. They effloresce readily, and when sUghtiy heated melt in their wat^ of 
cryHtailization. The solubility of the salt increases rapidly with the temperature. 
Insoluble in alcohol. 

Tests.— The solution has a slight alkaline reaction. It should not effervesce 
on addition of acids (from presence of carbonate). The solution acidified with 
hydrochloric acid should not yield a white precipitate when treated with barium 
chloride, nor ahonld it yield a precipitate or color with hydrogen sulphide. 

The amount of phosphoric acid present in a solution of sodium phosptiate can 
be determined by means of standard uranium solution. 

DRIED SODIUM PHOSPHATE. 

BODn PHOBFHA8 DXBIOOATUS. 

NaiHPO.= 142. 
WbeQ heated to 35° C. (35° F.) sodium phosphate begins to dis- 
solve in ila water o( tsrystallizatioa, but does not liquefy perfectly imtil 
at sbont 40* C. (104° F.). If allowed to oool again it solidifies into a 
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mass having a radiated oiystalline texture. When heated above 40° C. 
the salt loses 5 molecules of water. At 100° C. (212° F.) all tiie vrater 
of crystallization is expelled and " dried phosphate of sodium " remains. 
This product should not be confounded with the " effloresced sodium 
phosphate," whidi is the white powder formed by the gradual efflorwi- 
cence of sodium phosphate in dry warm air, and which contains 47 per 
cent of wat«r=Na^P0,.7Il,0. 

Dried Bodinm phosphate may be made by heating crystallized 
sodium i^osphate over a water-bsth until it ceases to lose weight, stir- 
ring the mass when it becomes dry, and finally heating it over a sand- 
bath to about 120° C. (248° F.). 

The product gradually absorbs moisture from the air until converted 
into Na,HP0..7HjO. 

It must be kept in tightly corked bottles. It ia a white powder, 
entirely soluble in water, and its solution answers to the tests for 
sodium phosphate. 

SODIUH AND AUHOmnH PHOSPHATE. 

80BII BIT AHUOHTI FHOBPHA8. 
[UIOBOOOBMIO SAIiT.] 

NH,NaHPO,.4H,0=418. 

Sodium phosphate 5 parts. 

Ammonium phosphate 2 parts. 

Dissolve the salts in 20 parts of hot water, add a little ammonia so 
as to render the liquid alkaline to turmeric paper, filter, and set aside 
to crystallize. 

The crystals effloresce; their solution has a slight alkaline reaction. 
The salt ia used an a reagent in blow-pipe analysia 



AMUONIUH PHOSPHATE. 

AMMONU PH08PHA8. 

(NHJjHPO,=132. 
Prepared in the same manner as sodium phosphate, using anrntooium 
oarbonste instead of sodium carbonate to neutralize the acid liquor. 
Ammonia being volatdle and hence driven off in the evaporation to 
crystallization, ammonia water must be added from time to time in just 
sufficient quantity to keep it in slight excess. 
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The crystals are readily soluble in water, but not in alcohol The 
water Bolution may be tested for impnritiee, as is sodiom phoephate. 



TRI-CALCIUM PHOSPHATK 
CALCn FH08FHAS PHJECIPITATUa 

[PBBdFITATZD FH08PEATB Of CAI^CIUH.] 
Ca,(PO,)i, = 310. 

Bone-ash is obtuned by the caloinatioa of bones. It is the inorganic 
residue left on bnmiDg bones to whiteness, and consists mainly of tri- 
calcium phosphate with about ten per cent of calcium carbonate and a 
little calcium fluoride and magnesium phosphate. It ia nsed in the 
maaufactare of glacial phosphoric acid, precipitated calcinm phosphate, 
sodium phosphate, etc 

It should be white or but slightly grayish, odorless, and almost 
completely soluble, with but slight effervescence, in dilute hydrochloric 
acid. 

Precipitated tri-calcium phosphate is prepared as follows: 

Bone-ash. in line powder 300 Qm. 

Hydrochloric acid 450 C.c. 

Ammonia water, siitBcient. 

Digest the bone-ash with the acid, diluted with 1,500 C.c of water, 
until dissolved. Boil the solution a few minutes; filter; then add 1,500 
Co. of boiling water. Now add ammonia water until the mixture 
acquires an allialine reaction. Collect the precipitate on a muslin 
strainer, wash it with boiling water until the washings cease to produce 
a precipitate with test solution of silver nitrate acidulated with nitric 
acid. Dry the washed precipitate at a temperature not exceeding 100° C. 
(212'^ F.). 

Bfiaotion. — When the crude tri-calclnm phosphate Is dissolved io bydro- 
chloric acid, the reactioD occurring is aa follows: 

Ca^PO,)3+4HCl=CaH,(PO,),+20aCls. 

When ammonia is added to the solution both the acid calcinm phosphate and 
the calcium chloride are decomposed, CaH,(PO,)j+2CaCL344NH,OH=4NH,Cl+ 
4H,0+Caa(P0.),. 

Notea.^Hot liqnids are employed for the precipitation In order that the 
prodnct maj be dense and easily washed. If the precipitation be effected in cold 
water the precipitated calcium phosphate is very Toluminons, light, presenting a 
gelatinous appearance, and the washing becomes difficult. 

Btf-product—Tte ammonium chloride should be recovered from the mother 
liquor after the precipitation, and purified. 

Description. — This product differs from the bone-ash, chiefly in Its greater 
purity. It still contains small traces of calcium fluoride and magnesium phoe- 
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BTB1TF OF lAOTOPHOSPHATE OF CAI/CnTU 

BTBUPXra OAI.OII I.ACTOFHOBFHATI8. 

Precipitated caloinm carbooAte 4 Gm. 

Lactie acid 10 Om. 

Fbofiphorio acid (50^) 5 Om. 

Onnge-flower wotcor 25 C.c 

Sngar 20() Gm. 

DietiJled water, sufficient 

Mil tlie lactic acid vith 80 C.c ot distilled water, and gradually 
add the calciiim carbonate, wanning gently if neceesary, to dissolve the 
carbonate. Then add the phosphoric acid, previonsly dilated with 30 
C.c. of distilled water. Next add the orange-flower water. Filter the 
liquid, and pass enough distilled water through the filter to niake the 
total filtrate measure 130 C.c. In this dissolve the sugar without the 
aid of heat 

ITote.— This Bjrup is of the same Btrength as that of the ofBcial prepatatlmi, 
and beeps better. 

(Formula of H. Rother, modified by Geo. T. WUliams.— .am. J. Ph.) 



FERBICO-FEBBOU8 PHOSPHATK 

FiiBBI FHOBFHAS C(EBUZ.EUa 

Fe,(PO.VFePO,. 12H,0 = 725. 

[Bine Fboaphste of Iroa.— Tba " FhoepbUe ot Iron " of the BiiUsh PburmscoiMsia iBd 
Uie rutted SUCM Fbumuopiett of ie;D.] 

Ferrous sulphate 80 parts. 

Sodium phosphate 28 parts. 

Sodium bicarbonate 7 parts. 

Dissolve the ferrous sulphate and the sodium phosphate each in SOO 
parts of boiling water, filter, and allow the solutions to cool to about . 
40° to 50° C. (104° to 122" F.). Dissolve the sodium bicarbonate in 50 
parts of water. Add the solution of ferrous sulphate to the solutiou of 
sodium phosphate, and lastly add the solution of sodium bicarbonate. 
Mix welL As soon as the precipitate has subsided, decant the mother 
liquor. 'Wash the precipitate, either by decantation or on a mu.slin 
stramer, with hot water, until the vrashings cease to give a precipitate 
wiQi solution of barium chloride. Dry the product at not over 50° C 
(122° F.). 
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Eeaotion.— 8Fe8O..+2TTa,PHO,-Fe,(P0J,+8Na-3O,+H^O,. The Hul- 
phuric acid Is then neatr&lized by aodjum bicarbonate, and tlie precipit&ted ferrous 
phosphate is panially oxidized. 

irotos.—nnless eodlnm bicarbonate, sodiam acetate, or sodiuiD phoephate In 
excess I>e added, a portion of the ferroeofeirlc ptioephate remains in BOlution Id 
tlie free acid formed by the linrl reaction, and loss ensues. By nentralizinfl; the 
free suiphuric acid with sodium bicarbonate, wliich does not aflect the precipitate 
already formed, all of the phosphate of iron is tlirown down. When first formed 
the precipitate ta grayish white or bluish Kray; it soon becomes grnylsh blue, and 
should retain this color until washed and dried. The color may be easily spoiled, 
however, by too high heat, or by too long exposure to the acti6n of the mother liquor, 
ortotheair during the process of washing and drying. Instead of blnlsh the 
color may become greenish gray. After drying, the product must be powdered 
and rifted. Pried at a high heat, the preparation forms very hard lumps; but If 
dried by moderate heat it may be easily rubbed through a flne sieve without using 
much force. 



STBUP OF PHOSPHATE OF IBOI7. 

8TBUPUB PEBBI PH08FHATIB: B. 

Frecipitat«d ferrous snlpli&te 28 Ota. 

Sodium phoeptate 25 Glm. 

Sodinm bicaiiK>nate 7 Gm. 

Phosphoric acid (50^'^) 136 Gm. 

Sugar 450 Gm. 

Dissolve the ferrotiB sulphate in about 300 C.c. of boiling water, and 
tlie sodium phosphate iu a similar quantity of cold water; mix the 
solutions; add the Bodinm carbonate previously dissolved In 100 C.a of 
water, and, after stirring well, transfer the precipitate to a muslin filter 
and wash it with distilled water luiUl the filtrate ceases to be affected 
by test solution of barium chloride. Mix the washed and drained 
precipitate in a mortar with the phosphoric acid. As soon as the 
phosphate ie dissolved, filter the solution into a bottle, add 400 C.c of 
distilled water and the sugar, and shake until dissolved, without the aid 
of heat Lastly, add sufficient distilled water to make the final product 
B 660 C.c. 



Ifotes.^The product contains about 1 Gm. of anhydrous phosphate of Iron 
<Fe^PO.),) in one imperial fluldrachm. It the quantity obtained by the <ibove 
formula be diluted with 80 C.c, of simple syrup, the preparation will tnen contain 
1 Gm. to each U. S. fluidrBchm. 

Practically the same product Is obtained by the following method taken trcan 
Hartindale's " Eitra Pharmacop<Eia;" 

Iron wire, polished, cut 7 Gm. 

Phosphoric acid (60 %) 120 Gm. 

Distilled water 40 C.c 

Simple syrup 600 C.C 
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Pat the iron wire, acid, and vater into a flask, being oarefol tiiah 
the metal is completely ooTered by the liquid; iuaert a looee plug of 
cotton in the neck of the flask, and set it aside for two or three days. 
'When the iron is dissolved, filter the liquid, add the synip, and lastly 
enough distilled water to make the final product measure 820 C.c 



PRECIPITATED FERRIC PHOSPHATK 

FKBBI PHOSFHAS PKSCIFITATUS AI^VB. 

Fe,(PO^,4H,0=874 

Bdution of normal terrio sulphate (KtO C^ 

Sodium phosphate 450 Gm. 

Sodium acetate - 170 Gm. 

Dilate the solotion of ferric sulphate with 4,000 Cc. of water; add 
the eodinm acetate, and dissolva DieaolTe the sodium phosphate in. 
4,000 C.c. of water, and filter, if necessary. Pour the solution of ferric , 
sulphate and sodium acetate graduallT into that of the eodiom phosphate, 
stirring well. Wash the precipitate with warm water ontil the wash- 
ings are free from sulphate. Collect and dry the precipitate with the 
aid of gentle beat. 

Beaction. — Pej(S0g,+WNa,HPO,.12H,O>f 2(NftC,H,Op8H-0) + 4H,0 = 
Fe^POJi.4H,O+a(Na^O,.10HjO>f2HC^H,Or 

H'Otea.— It will be seen from the equation that the sodium acetate is added 
dmply to preveDt the formatlOE of free sulphuric acid, which would occasion loaa 
of feme phosphate, which ie soluble In that acid but Insoluble in ac«tlc acid. 

The precipitate la whjte or cream-colored and very voluminooa. On this 
acccnntit is difficult to wash. When the quantity operated upoaadmit8oFlt,the 
woBbing should be eflected by mizlnz the precipitate with warm water in a tull 
veesel, allowing it to settle, drawing off the cleat supernatant liquid by means of 
a siphon, and then transferring the magma to a wetted moslln strainer where it 
may be left to drun thoronghly. This operation may be repeated If necessary. 

When the precipitate 1b allowed to remain lonK in contact with the mother 
liquor it gradually becomes more dense; also when the washing is too long 
continned. If large quootltlea ore fiperated upon the process consumes t^ut a 

Lae Farri, or " milk of Iron," is water In which freshly precipitated and washed 
ferric phosphate is held in auspension; the prepaialioQ contains from 1 to 1.30 
per cent of the pliosphate. 

AHHOHIO-FEBIUC CFFBO-FHOBPHATE. 

SOLUKLa FHOBFOATD OS* mOK WITH OTTa&TS OI* AlCHOBTniC. 

Fe,(PO0^2(NHJ^CAO,+w8ter. 

Add the washed precipitated ferric phosphate obtained by tlie 

formula given above from 60 Co. of solution of normal ferrio sulphate 

and 45 Gm. of sodium pboe|diate, to 60 Cc of dl-ammonium hydrogen 
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-citrate prepared by tbe fommla given later aader the head ot Cit- 
rates. Heat the mixture by means of a water-bath for three hoars, 
stirring occasionally, taking care not to allow the temperature to exceed 
60" C. (140° F.). Evaporate the solution to the consistence of thick 
syrup, spread it on platea of glass, and dry it in scales. 

Notes.— The ferric phosphate Is added in slight excess In order to perfectly 
saturate the solution with it. 

If 60 C.c of BoludoD of dl-sodlum- hydrogen citrate be used instead of the 
citrate of ammouiam, the prodnct will be theFhumacoptelal soluble " pboBphate 
of iron '■ (1880). 



SODIO-FEBBIC CITBO-PHOSFHATK. 
FSBBI PH08FHA8 SOLITBIIJS. 

[PHOBPHATB OP IHOM-j tl.8. P., 1880.1 

FeP0..Na;a:C^0,.H,0=:4(B (Bother). 

Ferric citrate 5 part& 

Sodium phosphate parts. 

Dissolve the citrate in ' IS parts ot distilled water heated over a 
water-bath. Add the phosphate, and stir the mixture, continuing tiie 
heat until the color changes to green. Evaporate the solution at not 
over 60° C (140° P.) to the consistence of thick syrup, spread it on 
glass plates, and dry it in scales. 

Beaotton.— Fej(C,H,0,)j.6H,0+2(Na,HPO,.12H,O)= 

3(rePO,.Ifa,HC,H(OrH,0)+a8H,0. 

Notes. — Ferric phoapbate Is solnble In a solution of sodium citrate, ftorming 
a double ftalt which is very soluble In water, and forms scales when the con- 
centrated solution Is dried on plates. Bee Solnble Ferric PTrophoephate. 

Desoription. — Tiiin green scales, which grow dark in the ligfaL Rs o dlly 
soluble in water, insoluble In alcohol. 



KANaANOUS PHOSPHATE. 

UANGAHI PHOSf HAS. 

Mn,(POJ,4H,0^423.7. 

Manganoua sulphate 10 parte. 

Sodium phosphate 11 parta 

Dissolve the salts, separately, each in 80 parts of hot water, filter, 
and let the solutions cooL Mis tbeoL Wash the precipitate with water 
until the washings cease to give any reaction tor sulphate^ Dry the 
product wiUi the aid of gentle heat, avoiding unnecessary exposure to 



.l^.OO^^IC 



SYNTHETICAL CHEMISTRY. 223 

EeBOtion.— 3(MDSO,.4H,0>f2(Na,HPO,.13H,0)^ 

MD^PO,\.4HiO+2(NB,BU,.10HjO>+H5SO,+12H,O. 

Notes. — A^wlII be seen, the reaction is analogous lo 'Uiat occurring id tbe 
preparBtiOD of ferroso-ferric phoephst«L Loss of product U sustained bv reason 
of the Bolubllltjr of mangauous phosphate in the sulphuric acid formed. The free 



FyHOPHOSPHATES. 

SODIUM PTROPHOSPHATE. 

SODII PYaOPHOSPKAB. 

Prepared by beating sodium phosphate in a porcelain or iron dish, 
raising the heat gradually until the ealt fusee in ita water ol crystallization, 
then falls to povder as that water is expelled, and finally decomposes 
at a temperature of 240° to 300° C. (404" to 572° F.), being converted 
into normal sodium pyrophoaphate. The dry powder is dissolved in a 
sofQcnent quantity of boiling water — sbout fire times its weight— the 
SolutioQ is filtered while hot, and then set aside to crystallize. More 
crystals are to be obtained from the mother liquor upon evaporation, 

Beaction,— 2Na,HP0j= Na,PjO,+HiO. 

Notes.^Sodf um phosphate, In solution, yields a yellow precipitate with test- 
solution of silver nitrate acidulated with nitric acid; Bodlum pyrophosphate yields 
A perfectly white precipitate with the same reagent. The conversion of the phos- 
phate is, therefore, known to be completed when a sample of the dry powder, 
dissolved in water, yields a white precipitate with silver nitrate. 

From 716 parts of sodium phosphate, the yield of pyrophosphate of sodium 
should be 448 parts, or neurly 62 per cent 

DoBcription.— Clear prisms, readily soluble tn water. Insoluble in alcohol. 
' It fases to a glaasmt a red heat When in solution it Is converted Into ortho-phoe- 
phate by boiling with acids. 

Testa.— When the solution of the salt In water Is acidified with hydrochloric 
acid effervescence should not occur. This solution should give no preinpitate with 
hydrogen sulphide or with barium chloride. 



PBECIFITATED FEBBIC FYROFHOSPHATE. 

FBItBI FTBOPHOSFHAB PasCIFITATITS. 

Fe.(P,0,),= 746. 

Solution of normal ferric sulphate 500 Co. 

Sodium pyrophosphate 320 Gm. 
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Dilute the Bolntion of ferrio sulphate vith 3,500 Co. of water, and 
dissolve the pyrophosphate of sodium in 4,000 Ce. of hot water. Filter 
the liquids. Poiir the solution of ferrio sulphate slowly into that of 
the pyrophosphate, stirring well. Wash the precipitate with warm 
water on a wetted muslin strainer until the washings are free from, 
sulphate. Dry the product by the aid of gentle beat. 

Bea0ti0ii.-aFe^80.),+8Na,P,O,=Fe.(P,O,),+aNa^O.. 

Notes.— The BolatiouB must be cold when mixed, and the iron solotion must 
be ndded Tery elowly to that of the sodiom salt, with constant and brisk stirring. 
The precipitate is very light and bnlliy, and h^ce quite difficult to wash. 



SOLUBLE FEBBIC FTBOPHOSPHATE. 
rSBBI PYBOFHOSFEU.S; IT. B. F. 

[BODIO-FUBBIO OITBO-FYItOPKOSFaA.TB.l 

Fe,(P,0,)r4(Na,C^O,).8H,0. 

Ferric citrate 9 parts. 

Sodium pyrophosphate 10 parts. 

IMssolTe the citrate in 36 parts of distilled water heated on a water- 
bath, add the pyrophosphate, and coutiaue the heating with constant 
stirring until the pyrophosphate of sodinm is dissolved and the solution 
turns green. Evaporate at a temperature not exceeding 60° C. (140° F.) 
until the solution has the consistence of thick syrup; spread it on glass 
plates, and dry it in scales. 



Boaotion.— 2{Pe5tC^,O,),.6H,0)-|-8(N».P,O,.10H,O)= 

FB,(P,0,V4(Na,C,HsO,).8H, 



,0-|-S4H,0. 



ITotee. — Sodliun citrate has l>eon substitated for ammonium citrate for the 
preparation of pyrophosphate of iron by the last revision of the PbarmacoptEia- 
ou the ^and that the ammonlo-feiric salt became Insoluble throQEh loss of 
ammonia, and because it either darkened or became opaque by age. The sodio- 
ferric pyrophospliate, however, is also liable to become Impaired by age and 
esposnre to light. The preparation is dHHcult to scale saasfactorily. In small 
quantities it may be best scaled in the cold. Pyrophosphate of Iron should be 
carefully protected against light It Is best preserved in amber colored bottles. 
dghtly corked, and kept in a diy, cool, dark place. 

BoluhU ferrio pyropJuigpJiats with ammonium citrate may be prepared by add- 
ing the precipitated ferric pyrophosphate obtained from 500 C.c. of solntion of 
normal ferric sulphate and 820 Om. of sodium p^ophosphate acconUug to the 
formula given on page S23, to 460 C.c. of the solotion of dl-ammoulum hydrogen 
citrat« prepared as described lal*r, and digesting at not over 60° C. (140° F.) for 
three hours, or nntll no more of the fernc pyrophosphate dissolves. The soln- 
tion is then filtered, evaporated, and the preparsuon scaled. 
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H VTOPHOSPHITES. 

The hypophoBphites of potaseimn, soditun, calcium and iron are 
used. The lirBt three are water soluble; ferric hypophosphite is uot 
insolnble, bat nearly so. The calcium hypophoephite, which is prepared 
by boiling phoapborus with milk of lime, is used for making the hypo- 
phosphites of potossimn and sodium by doable decomposition with the 



HTPOPHOSPHOHOUS ACID. 
AdDUH HYPOPHOSPHOBOSUM. 

Prepared by decomposing calcium hypophosphite with oxalic acid: 

Caloiom hypophosphite 48 parts. 

Oxalic acid 35 parts, 

Dissolve the hypophosphite in 30O part« of water, and add the oxalic 
acid prerioualy dissolved in 150 parts of water, stirring well. Filter off 
the caloiam oxalate, and evaporate the filtrate to 375 parts. 

The product is a solation containing 10 per cent of H,FOt. 

POTASSIUM HYPOPHOSPHITE. 
POTABSU HYPOPHOSPHIS. 

KH^,=104. 

Calcinm hypophosphite 1 part. 

Potassium carbonate _ 1 part. 

Dissolve each salt separately in 7 parts of boiling water. Mix the 
solntions. Filter off the calcinm carbonate, and evaporate the filtrate 
to dryness, over a water-bath, stirring constantly so as to obtain a 
granolar product. 

NotdS. — Thp temperature during the evaporatioa should not exceed B5° C. 
(185° FX as hypophoBphites are prone to decompose with violent explosion when 
heated to Dearly 100° C., or higher. 

The product may be freed from potasalum carbonate and other impurities tiy 
dlsstdrlne It In tea times Its weight of alcohol, fllterlug, evaporatiag tbe solutimt 
of thick symp, and setting this aside to Bolidlf y Into a crystal- 



db.Google 



28 8TNTHBTICAX CHEMISTRY. 

B«action.-Oa(HjP0J^K,C0,=^CaC0,+3KHiP0^ 



SODIUm HTPOPHOSPHITR 
SODII HTPOPHOSPHIB. 

NaH^rH,O=106. 

Calcium bypophoephite 6 parts. 

Sodiniu carbonate 10 parts. 

DiBBolTfi each salt in 60 parts of boiling water, and mix the Bolntions. 
l!'ilt«r out the oalcimu carbonate, and evaporate the eolntion over a water- 
bath nntU a drjr granular salt remains, taking care that the temperature 
during the evaporation doea not exceed 85° G. (185° F.). 



B«aotion.— Ca(H,P0^+NfL,C0,^CaC0,+aN8H,P0j. 

DewJriptlon. — Reeembles closelj the coirespoadtug salt of potassium. The 
6ij gnmiilar salt le deliquescent. 

Testa.— The ordiaar^ teeta ahould show absence of carbonates, sulphatee and 
phosphates, and of calcium. 



CALCIUU HTPOPHOSPHITE. 
CALOII HTPOFHOSFHI8. 

Ca(H^i),= 170. 

Prepared by adding 1 part of granulated phosphorus to a milk of 
lime prepared from 4 parts of calcium oxide and 40 parts of vrat«r, 
exposing the mixture to the air at a temperature of 55° C. (131° F,), or 
even at the ordinary temperatures, stirring frequently, until all of the 
phosphorus has dissolved. The solution is filtered, oarbonio acid gas 
passed through it to precipitate the lime held in solution as calcium 
hydrate; then the liquid is filtered again, and evaporated over a water- 
bath to dryness with constant stirring, to obtain a granular product, 
taking care that the temperature does not rise above 85° C. (185° F.), 

Boaotlon.— 8Ca(OH)5-i-2P,-|-6H;0=3Ca(H,PO^+2PHj. 
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Notea.— When phosphoms 1b digested with alkalies— whether potaaBlum, 
sodium or calcium hTorate— the products ate m&lnly hypophosphltee and hydrogen 
phoepbide. The hydrogen phosphide Is aa Inflammable gas, harlng a stroog 
garlic odor. Phosphates and free hydrogen are also formed when the coadl" 
tioDs are favorable. At lower temperaCore much less hjdro^u phosphide is 
formed than when the mlztore Is Iwiled. When tmiling heat is employed the 

Sroeesa Is dangerous, explosions having frequently resulted when solutions at 
ypophosphites have been heerted at or near the boiling point 

DescriptiOTL^A white sa)t which Is permanent In the air, but which 
a:iidi2eB In water, In which it is readily solable. Like Other hypophosphltes it la 
a strong reducing agent. 

Testa.— The salt shonld be completely soluble in water, and the solntion 
should not eSerreece with acids. Barium (deride should not produce turbidity 
In the acidified solution. 



FEBBIC HTP0PH08PHITE. 
FEBBI HYP0FH08FHIB. 

F6,(^POa),= 502. 

SnlphBte of iron and anunoQinm 30 parts. 

Sodium hypophosphite 20 parts. 

Dissolve e&cb salt ia 150 parts of water, and filter the' solutions. 
Add the solution of tbe iroa alum to that of the sodium hypophoephite, 
stirring constantly. Bet aside for a few hours. Transfer the precipitate 
to a wetted filter or muslin strainer, drain it thoronghly, and wash it 
with 150 parts of cold distilled water. Drain, press out as much as 
possible of the moiBture from the magma, and dry the product between 
blotting paper with the aid of gentle heat, protecting the preparation 
as f ar aa practicable from the air. 

Beaotion.— FejTf HA(80A.a*H,0-|-6NaH,P0^,0 = 

Fe^HjP0J,-KNH.^0.+8Na^0,+!aH,0. 

ITotM. — The quantity of water used is necessarily limited to prevent loes, 
because ferric hypophoaphlte Is not quite insoluble in water, and if the washing 
should be done with the large quantities of water required to thoroughly remove 
the snlphatee of tbe motherllquorfromthebulkymagiDBofhypophosphlte, con- 
siderable loss must follow, IF not the disappearance of the entire product. The 
predpltate must, therefore, be carefully need from all mother liquor that can be 
removed by draining It before It is wasbed, and the quantity of water prescribed 
hlng it should not be exceeded. 



Deaoriptlon. — A grayish powder slightly solable In water, readily soluble 
in aceUc ac&, and in eolnuona of alkaline citrates. 
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CHAPTER XIX. 



CABBONATES. 



The alkali carbonates are all -water soluble; those of bariom, cal- 
ciom and magneeiom are insoluble, as are also the carbonat«e of the 
heavy metals. All the insoluble carbonates are prepared by preoipita- 
tioQ. 



CARBON DIOXIDE. 
ACIDirU CABBOHIGTrBf. 

[OABBONIO AOED.] 
CO, --44. 

Pat into a fiaek a coavenient quantity of marble, in small pieces, 
and add enough distilled water to cover it Connect this generab^ 
by means of the required fittings with a wash-bottle coutaining dis- 
tilled water, and provide the wash. bottle with a bent glass tabe for 
conducting the gas wherever it may be necessary. Add hydrochlorio 
acid gradually, through a safety tube, to the marble and water. 

Beaction.— CaCOj-f-2HCI^CaCIj+HjO-|-CO,. 

Ifotes.— When calcium carbonate, eltherln form of marble or chalk, is used 
for generating carbonic acid gas by double decomposition with hydrochloric acid, 
the by-product of calcium chloride may be recovered, or its Bolotion may be used 
for the preparation of precipitated calcium carbonate. 

When sulphuric acid Is employed instead of BCl, calcinm sniphate Is formed. 
Chalk and sulphuric acid are not readily mixed for making carbonic acid In the 
manufacture of mineral waWraonalargescale, owing to the fact that the whiting 
used contains enough moisture to render It lumpy, so that a, portion of it la not 
acted upon by the acid. Chalk, moreover, contains animal and bituminous m ' 



erally employed, and sulphuric acid is used !n preference to hydrochloric luM, 
because the latter le not only dearer but requires a larger acid chamber. The 
teoctioD, when chalk (whiting) and sulphuric acid are the materials nsed, ia: 
CaC0,+H^,=Ca80,-|-H,0-|-C0^ 
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The prompt lemoTol of the calcium sulphate from the generator as soon aa 
the chalk has been consumed, is necessary, la view of the fact Uiat a hard masa 
is soon formed bj the reaidue, which will be found troublesome to remove. 

Assuming that the chalk used containsWpercent. of CaCO^and thesulphnrlc 
acid 93 per cent of H^O^, it will require 10,000 parts of chalk and 9,^0 parts <ff 
add to produce 8,960 parts of CO,. At 20° C. (68° F^ 8,960 Qm. of carbonic acid 
gas measures 3,200 liters. 

Bodlum bicarbonate furmabeB a purer carbonic acid gas than can be obtained 
(rem chalk. 

Several experiments, showing properties of CO^ have already been given. 



POTASSIUU CABBONATR 

POTASBII CAKBONAS. 

[POTASH. FBABZj-ASH. BAI.T8 OF TABTAB.] 

2K,COr3H,O=3S0. 

PotasBimn carbonate is cootaiiied in wood asliae, and ma; be washed 
<mt of the ashes by ludviatloa, the salt being recovered from the solu- 
tion by boiling it down to dryness. The residue if then purified by 
heating it strongly in a furnace ontil all organio matters have been 
destroyed. Calcined potash is the result j it contains 50 to 80 per oeat 
of potassium carbonate, and is contaminated with sulphate, chloride^ 
etc By converting this crude potassium carbonate into bicarbonate, 
most of the impnritiea are removed, and a nearly pure normal carbonate 
can then be prepared from the bicarbonate. 

Formerly, pure potasdnm carbonate was prepared by strongly beat- 
ing (detonating) potassium bitartrate with half its weight of potassium 
nitrate. 

At Stassfurth, potassium carbonate is prepared as follows: A 
solution of magnesiuai sulphate (kieserite) is mixed with a solntion uf 
crude potassium chloride, both of the materials being taken from the 
Stassfnrth mines; a double salt of sulphate of potassium and magnesium 
is then formed ti<^ther with a double chloride (camallife): 3KC1+ 
2MgS0,=K,Mg{S0.)j+KMga,. The double sulphate is boiled with 
more i>otassinmehloride,whiohTesultsintheIormadonot potassium sul- 
phate and carn&llite. The camallite decomposes slowly in water so 
that the magnesium chloride can be separated, and the potassium 
chloride is then used over again as betote — K;Mg(S0,)j+8KCl— 2K;S0, 
-|-KMgCl^ The potassium sulphate is then turned into carbonate 
by a process analogous to Leblanc's method for manufacturing soda. 
(See later.) The resulting product coutains 92 to 93 per cent of potas- 
sium carbonate, 2 orS per cent of sodJum carbonate, 2 per cent of potas- 
sium chloride, and 1 to 2 per cent, of potassium sulphate. 
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Crude potash may be partly purified by dissolving it in twice it» 
weight of water, letting it stand two days, decantiug, filtering through 
linen, and evaporating the clear liquid in b clean iron vessel until a 
pellicle begins to form on the surface. The liquid la then put in a 
stone pot and set aside for a week, in order that Bulphates, chlorides, 
etc, may crystallize out. The solution is then filtered and boiled down 
to dryness in an iron pot, stirring constantly at the close so as to obtain 
a dry, granular product. 

Pure potassium carbonate for pharmaceutical and medicinal nses is 
most readily obtained by heating potassium bicarbonate until the residue 
is entirely soluble in twice its weight of water. 

Being very deliquescent, potassium carbonate must be kept in tightly 
closed vessels. 

Description. — A wblte salt, sometimes crystalline, but generally as a 
granular powder, very soluble la water but not In alcohol. It dissolves with 
efiervescence in acida, even when quite dilute. 

Tests. — It ehould form a dear solution wltb water. This solution should not 
become turbid when treated with ammonium sulphide or carbonate. The solud<»L 
in nitric acid Should not show more than a slight turblditj when treated with 
silver nitrnte or barium uitrate. When dried aadbeated to redness the salt should 
than td per cent, in weight 



POTASSIUM BICAHBONATE. 
FOTASSn BICASBONAS. 

KHCO,=100. 

Prepared by treating potassium carbonate with carbonic acid gas. 
The gas is either conducted into a concentrated solution of the carbon- 
ate, or over the moist salt. To facilitate the absorption of carbonic acid 
the potash is mixed with powdered charcoal The moist mass is exposed 
to the action of the carbonic acid gas until a test portion in solution no 
longer precipitates a solution of magnesium sulphate. 

The black mass is mixed with water, heated to about 70" or 80° C, 
(l&8''to 176° F,), the solution is filtered while warm to remove the 
charcoal and the silica which has been precipitated by the carbonic acid, 
and the filtrate is set aside in a cool place to crystalliza The crystals 
are carefully washed to remove adhering mother liquor, which contains 
normal carbonate, a little bicarbonate, chloride, and sulphate of 
potassium. 

Description. — A white salt, cirstalUne, and soluble In water, but less readily 
than the monocarbonate. When absolutely pure the reaction is neutral or only 
very slightly alkaliae. By heat it is converted into the monocarbonate with low 
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of COr DisaolT«d in wuer It loses carbonic acid even at ordltuur temperatane, 
bat Twpidlf and to complete coaveraion into normal carbonate above 80° C, 
(176° F.). In the diy state it does not readily part with any of lis carbonic acid 
even at 100° C, bat between 300° and 800° C. it Is converted Into normal carbonate. 

Testa. — Should be completely soluble in water. The Bolntfon ehonld not 
^eld a yellowish precipitate with solution of mercuric chloride (carbonate). 

The solution acldifled with ultrlc acid should not yield tests for sulphates or 
chlorides. A platinnm wire dipped in a solution of the salt in hydrochloric add 
should not show more than a alight yellow color when held In the flame nf a 
Bunsea bnmer. 



SODITTM CARBONATE. 
BODII OABBONA8. 

Na,CO,.10HjO=286. 

By far the greater portion of eal wxto, or onde sodium oarbonate, 
oonBmned at this time is prepared by the Bo-coUed L^ianc's method. 
A mixture of Bodium Bnlpbate, chalk and coal is strongly heated in a 
reverberatory furnace; the mass is then leached oat with water^ the boIu- 
tioD coitcenlarated, and the oarkioiiate collected as it separates from the 
hot liquid. The product contains carbonate, sulphide, hydrate, sulphate, 
and hyposulphite of sodium. The residue obtained by evaporating the 
first solution to dryness is called soda-aah, of which several hundred 
million pounds are BOQually imported into the United States. The 
crude sodium carbonate is purified by re-ciystaJlization. 

At Natrona, Fa., near Pittsburg, large quantities of soda are made 
from cryolite, a mineral composed of the fluorides of sodium and ala- 
mininm. A mixture of powdered cryolite and chalk is ignited in a 
furnace, the first reaction being; 6NaFl.Al,Fl,+6CaCO,=Na,0,Al,+ 
GCaFl.-I'dCO^ The fused mass is powdered and the sodiom aluminate 
leached out by water. A stream of carbonic oxide is conducted through 
the solution of sodium aluminate, which produces sodium cartwnate and 
alnmininm hydrate: Na,OsAl,+3GO,+3Hp=3Na,CO,+AJa(OHV 

A third method consists in treating a solution of sodium chloride 
with NH, and afterwards with 00^; the ammonium bicarbonate gives^ 
wiUittie Na<in, sodium bicarbonate and NH^Cl. The sodinm bicarbonate 
ia then converted into carbonate by heat, after which the product is 
dissolved and crystallized. 

Both the ammonia process aad the ciyolite process yield purer 
products than the sodium carbonate made by Leblanc's process. 

TTaoa.— Vast quantities of ssl sodn are uxed tn the aria and manufactures and 
in the household economy, In pharmacy it ts used In the preparation of varioua 
carbonates, and for the production of sodium compounds. 
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Desoriptioii.— Large, aearly transpBrent raystaU, nhicb revUlj give up a 
part of their water. 

The crystals melt In tieir water of crystallization below 35° C. They are 
vary readily Bolable iu water, bat not ia alcohtJ. They dlssolTe quickly in acids, 
with efferreacence. 

Tests. — A. perfectly clear solution should be formed with water. When this 
b saturated with nitric acid the addition of silver nitrate or barium nltnte ahould 
not produce more than a slight turbidity from chlorides or aulpbates. 

5.73 Qm. when saturated with pare dilute hydrochloric acid, and evaporated 
carefully to dryness and Btronglr heated, should leave a residue weizbins nearly 
3.386 Qm. 



DBIED SODIUM CABBOHATE. 

BODH OABBONAS BSSIOOATUB. 

Na,COr2H,0=142. 

Cmehedor ooarselj powdered sodium carbonate is allowed to effloresce 
b}r exposure to warm air (20° to 25° C.) for several days; then it is 
heated to 45° C (113° F.) until it has been conrerted into a white 
powder weighing about half as much as the crystallized salt osed. Sift 
the powder and preserve it in a well stoppered bottle. 

Sodium carbonate contains 10 molecules of water of crystallization. 
'When exposed to the air it effloresces rapidly, and in the ootuse of one 
or more weeks, according to the temperature and the dryness of the air, 
it loses about 40 per ceni of its weight. At 34° C. (93° F.) crystallized 
sodium carbonate begins to dissolve in its water of crystallization. In 
preparing dried soditun carbonate this solution in the water of crystal- 
lization should be avoided, because afterwards the process of drying 
becomes more difficult and tedious. Hence it is directed that the salt 
be exposed to a lower degree of heat for Beveral days before the tem- 
perature is raised sufficiently to complete the drying. 

At 45° C. the salt loses all but two molecules of its water of crj's- 
tallization. At 90° to 100° C. it becomes anhydrous. 

Pure anhydrous sodium carbonate is most conveniently prepared by 
heating pure sodium bicarbonate in a silver (or nickel-plated) dish to 
redness. 

Desoription. — A white powder, which to the touch appears perfectly dry. 

It should contain at least 73.6 per cent, of Na,CO, and correspond to tests 
given for the crystallUed salt 
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SODIUU BICABBONATE. 
SODn BICABBOnAB. 

NaHCO,=84. 

Prepared by ssturating a solution of Bodinm carbonate with carbonic 
acid gas, or by conducting carbonic acid gas for seTeral days into cloeed 
chambers filled with crystallized sodium oarbooate. The liberated 
water of crystallizstion retains in solution the chloride and sulphate 
which may have been present in the carbonate. 

Desoription.— A 9ne nhlM powder which, when absolutely pure, should 

dissolve In cold water, yielding a neutral BolaUon. 
Ueat converts It into the monoCAibonate, 



LITHIUH CABBONATE. 

L ITHU CABBONAS. 

Li,C03-74 

Prepared from tepidoUte, a mineral containing silicates and fluorides 
of lithium, alnmininm, small amounts of rubidium and thallium, and 
traces of osesinm. 

The powdered mineral is first digested with H,SO., after which the 
. mass is heated until dried. The residue is leached with water, leaving 
silica behind. On adding potassium sulphate to the solution the alu- 
minium salt is converted into alum, which is crystallized out. The 
remainder of the aluminium ealt is removed by precipitation with calcium 
hydrate, the filtrate is treated with barium chloride, whereby barium 
snlphate is thrown down, and the lithium chloride contained in the 
solution is recovered by evaporating to dryness, dissolving the residue 
in alcohol, filtering the liquid, diatming oS the alcohol, removing the 
cslcixun salt with ammonium oxalate, and iron as well as other metals 
with hydrogen sulphide; the solution is then concentrated and lithium 
carbonate formed by precipitation with ammonium carbonate and 
ammonia. The precipitate is washed with 60 per cent, alcohol and 
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AHHONIUM CARBONATE. 

AHHONU CABB01TA8. 

[HABT8HOBN a&Zirr. SAZi VOI.&TILB.] 

NH.HCO,.NH,NH,CO,= 157. 

Ammooiiim carbonate, so called, is prepared hy snblimatioiL The 
matieriala are either 1 part of anuuomnm chloride and 2 ports of chalk, 
or a mixture of 4 parte of ammoniuin sulphate, 4 parts of chalk, and 1 
part of charcoal The mixture ia heated to redness in an iron or stone- 
ware retort, and the vapor is carried into a leaden chamber, where it 
condenses. The product is purified by rasublinrnticai. 

Beaction.— 4NH,Cl+2CaCO, = 

2CaCl,+NH,HC0,.NH,NH,C0,+NH,+II,0. 

CompOsition.—^The preparatioo cosBiats of one molecnleof &mmomam car- 
bontUe and one molecule of ammaniuin. carbamate. Alcohol dissolvee out the 
ammouium carbamate, leaving tbe acid ammonium carbooota. 

Description. — Usually as large translucent ciTStallbie masses, which lose 
GO, and N H, hy ex posurd to the air. The bait has a strong odor of ammonia, and 
is freely soluhle in water. 

Teste. — It shoald volatilise completely, leaviDg no carbon residue from 
" - Idlfle' "■' '■■- "" ' ...>-.-.-.-- 



organic matter. Ttie solution of the salt acliUfled with nitric acid should yield 
precipitate with silver nitrate or barium nitrate. 

The volumetric determination can be made as expl^ned later. 



ABOBLATIO 8FIBIT OF AHUOHIA. 

SFIBITUS AHUONLS: ABOUATICTTS. 

This is a preparation in which the ammonium carbonato of the 
Pharmacopoeia fa dissolved in wator together with ammouja water 
enough to form normal ammonium carbonato and anunoniimi carbamate; 
This solution, is then added to a solution of the volatile oils of lemon, 
lavender, and pimento in alcohol. The ofBcial nmrnoniimi carbonate 
being only partially soluble in alcohol (the carbamate dis.solving whUe 
the acid carbonate is insoluble) it is necessary to add aomioaia water to 
obtain a permanent solution. 

The official process for this preparation directs the use of " alcohol 
recently distilled and which has been kept in gloss vessels." The object 
of this injunction is to inhibit the UBe of alcohol kept in barrels of oak, 
and hence containing traces of tannin snfBcient to be discolored by the 
alkali, as tannin, when acted upon by any alkali, becomes gradually 
decomposed, yielding dark colored humus. Other organic matters are 
also darkened by alkalies. 
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BABIDU CARBONATE. 
BABn CABB0NA8. 

BaCO,= 197. 
Prepared by heating to redness a mixture of 10 parts of hosTy spar 
(barium sulphate), 2 parts of chareoal and 5 parts of potassa, 'and wash- 
ing the Fused masa vith water, when the residue is barium carbonate: 
BaS0,+C,+2K0H=BaC0,+K,S+C0j+H,0. 
It may also be made by precipitating 6 parts of barium chloride 
with 7 parts of sodium carbonate, and washing and drying the precipi- 
tate. 

PRECIPITATED CAI.CIUM CARBONATE. 
CALCII CABBOTTAS FR^CIFITATTTS. 

C8CO,= 100. 

Solution of calcium chloride 220 C.c 

Sodium carbonate 180 Gm. 

Boilingwater 240 C.c. 

Dissolve the sodium carbonate in the water. Heat the solution of 
calcium chloride to about 80° 0. (173° F.). Bliz the hot solutions, 
pouring the calcium chloride solution into the soda solution with con- 
stant stirring. Wash the precipitate by decantation, then collect and 
dry it 

EflBction.— CaCl,-|-Na,C0,=CaC0j+3NaCl. 

Votes. — A formula for the Bolation of calcium chloride has been givea. 
When it U desired to make the preparation fromcBlciumchloride, twelO partHof 
the fused chloride disaolved in 100 parts of water, and 26 parts of sodium carbon- 
ate disaoived in an equal quantity. 

Hot solutions are usea to insure a dense precipitate, bo that the process of 
washing maj be easier; when cold solutions are used the precipitated calcium 
carbonate la a very bulky magma, difficult to wash free from sodium chloride. 

The precipitate should be washed until the washings cease to be rendered 
turbid by test solution ot silver nitrate, and then dried at 100° C. (213° F.). 

Desoiiption. — A flne white powder. Insoluble In water and alcohol. With 
pore ^drocMorlc acid it should dissolve to a perfectly colorless fluid. This, when 
heated la expel CO^, and saturated with ammonia water, should not become 
turbid, diowiug absence of alnmlna, Iron and phosphates. 

The Bcdntion of the powder in acetic acid should not be precipitated by soln- 
tioii of potasttnm bichromate. The solution of the powder In pure dilute nitric 
add should not be rendered turbid by silver nitrate or barium nitrate. 
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PREFACED CHALK. 

CRBTA FRSFAILATA. 
CaCO,= 100. 

Tritnrate 1,000 Om. ot dialk with a little water mitil reduced to a 
•very fine powder by tiie " levigatioo." Throw the miztnie into a vessel 
capable of holding about twenty liters and nearly filled with water, stir 
the mixture well, and, after a brief time, decant the supernatant 
liquid, whUe yet white and turbid from the suspended particles of the 
finely divided chalk, into another vessel To the residue in the first 
vessel add a fresh portion of water, stir well again, and after allowing 
the coarser particles to subside as before, decant once more, adding the 
second turbid liquid to that previously decant«d. Set the mixed liquors 
aside, and when the fine powder has subsided perfectly, poor ofF the 
water, and collect and dry the powder. 

Note. — This process of separating the coarse, gritty particles from the levi- 
gated chalk Is called " elutristion," the object being to obtain a very soft, finely 
divided product. 

Instead of diylng the product as a mass, the moist powder may be formed Into 
«ODes by " trocbiscaUoo." 



MAONESimu: CABBONATE. 
HAONESII CABBONAS. 

4MgC0rMg(0H)^aq. 

Prepared from chloride or from sulphate of magnesium by precipi- 
tation with sodium carbonate. The magnesium salts are obtained from 
the " bittern " of salt-works. Magnesimn carbonate ia also manufac- 
tured from dolomite, or magnesian limestone, by dissolving the mag- 
nesium carbonate from the powdered mineral by meaus of cold water 
and carbonic acid under pressure, when magnesium bicarbonate is 
formed. The solution is then boiled, when the basic carbonate, which 
constitutes the official preparation, is precipitated. 

In pharmacy distinction is made between " heavy magnesium car- 
bonate" and "light magnesium carbonate." The light magnesium 
carbonate differs from the heavy variety in these respects: the light 
carbonate is about three times as bulky; when examined under the 
microscope, it is found to be partly amorphous, but containing numerous 
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slender piiamatio ciystals, whereas the heavy Tftriety ia wholly amor- 
phona and somewhat grannlar; the Ugbt magaesiam carbonate contains 
more carbonic acid and yields lees magnesinm oxide on calcination. 

These differences depend upon the methods employed in the pre- 
paration of the prodncts. The working formulse of the British Phar- 
macopoeia are as follows: 



UOHT UAQITESnTU CABBONATE. 

KAOHZSn OAXBOHAB ImWTBi B. 

Magnesium snlphate 25 parts. 

Sodium carbonate 30 parts. 

Dissolve each salt in 200 parts of cold distilled water, filter, and mix 
the solntlonB cold. Boil the mixture in a jwroelain dish for fifteen 
minutes. Transfer the precipitate to a wetted muslin strainer, and 
wash it with boiling distilled water until the washings cease to give a 
precipitate with test solution of barinm chloride. Then let the precipi- 
tate drain, and dry it at not over 100° C. (212° F.). 



HEAVY uagnebihh: CABBONATE. 

MJLaNBan oabbonab fondbbobusi b. 

Magnesium snlphate 25 parts. 

Sodinm carbonate 80 parts. 

Dissolve the salts, each in 50 parts of boiling distilled water; filter, 
and mix the two eolnUons while hot, Evapi^rste the mixture on a sand- 
bath to perfect diyness. Digest the residue for half an boor with 100 
parts of boiling water, collect the precipitate on a wetted muslin strainer, 
and wash it repeatedly vrith distilled water until the washings cease to 
^ve a precipitate with test solution of barium chloride. Drain the 
product and dry it at not over 100° C. {212° F.). 

B«aotioit.~4 
4Na^O,-|-CO,; ot 
-f6Na,SOj+c6r 

Notes.—It will be seeq Uiat the differenceB fn manipulation are: the ns« of 
m<H« dilute aad cold solntlons Id making Lbe light magnealDm carbonate, and the 

firedpitate is In that case aimply heated for Qfteen minutes with the mother 
iqnor; while, in making the heavy magnesium carbonate, the solutioiiB are four 
times u concentrated, and mixed while hot, the mixture being then evaporated 
to perfect dryness oa a aand-bath, after which the residue ia freed from sodium 
sulphate by ^gestion and subsequent washlnE with boiling water. 

When the precipitate la formed with cola solutions. It contains more carbonic 
acid than If prepared with hot solutians. When boiled la the liquid for a short 
time carbonic acid passes away; in preparing the light magnesium carbonate the 
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Composition, — Pritzsclie, Hacer and FlQcBlger etate that tne compoei- 
tion of maKneaium carbonate is 4MiCO,.Mg(OH^4H,0.=468; the U. S. P. 
eirea It aa 4HgCO,.Me(OH),.BH,0==466; the British Pbarmacopcela states It as 
being 8MgCO,.Mg(OHV4HiO=i)d4; That there is a dlflereuce in compodtiou 
between light and heavy magnesium carbonate may be regarded as certain, 
although the same formala U given by the British Pharmacopoeia for both. 
Light oiagneslum carboDBte contains a greater proportion of trae carbonate 
(HgCO,) and a correspondlnglj less proportioa of hjdrate (Mg(OH)j). The 
quantity of water In the compound seems also to vary. 



Tests. — The solution in nitric acid should be perfectly dear, and when treated 
with sUver nitrate or barium i^tnOe, ahould give no predpltate or turbidity. 
Ammonia water precipitates this soludon, bat it should dlasolva the predpltale 
fully when added in ezcaaa. 



FBECIFITATED ZINC CABBONATE. 

ZnrCI CABBOZTAS FB£OIFITATUB. 

2ZnCO,3Zn(OH),=546.5. 

Zinc enlpbate 20 part& 

Sodinm carbcoiate 21 parts. 

Boiling water, BuMcienL 
PiHsolve the Bodinm carbonate in 40 parte ot the water in a porcelain 
capenle. Dissolve i^e zinc snlphate in an equal qtiantity of boiling 
w^ier. Place the capsule containing the solution of Bodiimi carbonate 
on a 'sand-bath so as to beep the solution hot; then gradually add the 
solution of zinc sulphate, stirring briskly. BoU the mixture for fiftewi 
minutes after the effervescence has ceased; then let the precipitate 
subside. Decant the mother liquor and throw it away. Add 120 parts 
of boiling water to the precipitate, and stir well, let settle once mors, and 
repeat the washing by affusion and decantation of hot distilled water 
until the washings cease to give any precipitate with test aolutiDn ot 
barium chloride. Collect the precipitate on a muslin strainer or on s 
paper filter, let it drain thoroughly, and then dry it at a gentle heat. 
Beactlon.— 5Na,CO,+5ZnS0,+8H,O=2ZnC0,.8Zn(OH),-|-5Na^O,-)-8COr 
ZVotes.—The solutions are used hot in order to ezi»el all the carbonic add 
which Is set free, carbon dioxide escaping with eflervesceuce. If cold solutions 
are used a portion of the precipitate redlssoivea in ths oartionlc BCld held In the 
liquid. The zinc sulphate is to be added to the sodium carbonate in order to keep 
the latter In excess, and by having the soda solution hot, the further advantage u 
gained that the predpitate b more readily washed free from sodtnm salt 
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CO^ leaving the oxide. 

Tests- — It should fAvo noUiiug to water, but should yield n perfectly clear 
solntion with taydrochloAc or sulphuric acid. 



SUBCABBONATE OF IBON. 
FKBBZ SUBCABBONAS; TJ. 8. P., 1870. 

re,OrF6,(OH).=374 

FerroTia enlphate 8 parts. 

Sodium carboDate parte. 

Dissolve the salts, each in 40 parts of boiling water, filter, and ponr 
the Bolntion of iron sulphate into that of the sodium carbonate, with 
constant stirring. Wash the precipitate with cold water, first bj 
decantstion. and afterwards on a mnslin strainer, until the waahinga 
ceaae to be precipitated by test solution of barituu chloride. Then 
drain, and dry the precipitate without heat. 

Heaotion.— PeSO +N«jC0s=FeC0,+Ni4S0,. The ferrous carbonate tni- 
dizes, as siplalned la the note. 

Notds. — To Insure that the sodium cnrbooate is In excess over the ferrous 
enlphste, which is necessary to insure complete double decomposition, add that 
to the Iron salt. The solutions should be boillug In order that the ferrous cai^ 
bonate formed may be heavy, and also to prevent tne formation of soluble bicar- 
bonate. When cold solutions are used a portion of the precipitate, which is at 
flrst nearly white, soon decomposes, losing a portion of its carbonic acid, which 
combines with another portion of ferrous carbonate and holds it in solution as 
bicarbonate. After a time this, too, decomposes, the carbonic acid being liberated 
and ferric hydrat« being formed br the absorption of oxyeen from the air. 
When hot solutions are used the carbonic acid is rapidly expelled and the perfect 
precipitation of the Iron compound not retarded. Owing to gradual oxidation 
the precipitate rapidly changes color In contact with the aii, passing through 
various shades of gray, green, bine, olive, brown, and red. The gray, green, blue 
__ J _ii j..^ .jj fenroaoferric hydrate, while the brown and red are cauMd by 



ferric hydrate. Finally, the precipitate becomes almost completely ferric. 
Dried at high heat the preparation Is more red, and less readily soluble in ' ' 
-chloric acid. 



Dried at high heat the preparation is more red, and less readily soluble in hydio- 
'■■'jric acid. 

The ferric hydrate generally rise8 to the surface of the mixed liquids, snd 
onring the washing of the precipitate the surface of the magma becomes covered 
with ft, while the interior continues bluish gray or i^een. The washing is best 
effected with boiling water, and on a mualln filter. The pores of the fllter-paper 
becomerapldly closed by yellowish red ferric hydrate. 

Dried at ordinary temperatures the preparation is olive brown with a reddish 
tint, retaining a small amount of ferrous carbonate, and is easily powdered. 
Dried with the aid of considerable heat the product is brown red, and cakes 
togetherln hardlumps, which ore not so readily powdered. 

Deeoriptlon. — A reddish brown or olive brown powder, insoluble in water 
but soluble Id dilate acids, giving off C0„ In slight amount. 

Tests.— The solution In hydrochloric acid should give a blue color with both 
ferrocyanide and ferricyanide of potassium, but should give no test for sulphates 
with tiarium chloride. 
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SACCHAKATED CABBONATE OF IRON. 

FEBBI OASBONAS SACCHABATUS. 

FerronB sulphate 20 pBrts. 

Sodiom bicarbonate 15 parte. 

Sugar, in fine powder 82 parts. 

Dissolve the ferrous sulphate in 80 parts of boiling distilled water, 
and the sodium bicarbonate in 200 paita of boiling distilled water. 
Put the hot bicarbonate solution into a flask capable of holding 1,000 
partsof water; then add the hot solution of ferrous Bulphate, agitating 
the mixture well, and when the effervescence has subsided flll the flask 
at once with boiling distilled water, cork it to exclude air, and set it 
aside for two hours. Then remove the mother liquor by meana of a 
siphon, and again fill the flask with boiling distilled water, shake it well, 
let it settle ouoe more, and repeat the washing in the same manner until 
the wash water produces but little turbidity with test solution of barium 
chloride. Then transfer the precipitate to a wetted musliu strainer, let 
it drain, or press out the water, and mix the magma intimately with the 
sugar in a porcelain dish, evaporate the mixture to dryness by means of 
a water bath, powder the product, and keep it in a tightly corked bottle. 

Beaction.— F680j+3NaHCO,=FeCO,.H20+Na,SO,+CO^ 

ITotea. — All the precautions directed by thisformuU are intended M prevent 
the oxidation of Uie precipitate bj contact wittt the air. Sodium bicarbonate U 
aubstltnted for the normal carbonate in order that the egcapiaz carbonic acid may 
help to exclude the air. If abont 5 parU of sugar be added to the aolntioa of 
bicarbonate of sodium before the iron salt ia poured Into It, and if tlta wash water 
also be sweetened with about four per cent of auear, the oxidation la still more 
effectually prevented. Boiling water is used in order that no airmsytte contained 
in it; and the whole process must be expeditiously carried to Its completion in 
order not to expose the product to oxidation longer than necessa^. 

. J ... — i^ *- anld not be s 



precipltatehasbeen mixed with the sugar, the mixture should not be sUrred any 
- " - ' — jcessary during the process of its evaporation to dryness, and aa 
6 Is suffldentlT dr; ft should be at once powdered and put Into 

, ..hichnre to Im Immediately and tightly closed. 

T recommends the use of tnillc sugar instead of cane sugar to facilitate 



the drying. 

A more dense precipitate Li obt^ned by having the solutions hot when mixed. 

Sugar and bone; dd in preventing oxidation, by excluding the air from the 
product 

See also the notes under theUtle, Massof Carbonate of Iron. 

Deaoription.— A grayish powder, which oxidizes on exposure to the air. 
When treated with water the sugar dissolves. 

Testa.— Tlie powder is soluble In hydrochloric acid with eflervescence. 
Heated in the air the sugar bums, and the residue turns to ferric oxide. 
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MASS OF CABBONATE OF IBON. 

HASSA FEBBI CABBONATIB. 

[FII.L OV OABBONATO OP IBON. VAI.Z.inF8 KASS,] 

Ferroos sulphate 100 parts. 

Sodium carbonate 110 parts. 

Clarified honey 38 parts. 

Sng&r, in coarse powder 25 parts. 

Symp, distUled water, each sofOcieot 

Dissolve the sulphate of iron and the carbonate of sodinm separat^y, 
each in two hundred parts of boiling distilled water, and, having 
added twenty-five parts of syrup to the solution of the iron salt, 
filter both solutions. Mix when cold, in a bottle just large enough to 
bold the mixture, or add enough distilled water to fill it; cork the bottle 
well, and set it aside, that the carbonate of iron may settle. Pour off 
the sapematant liquid, and, having mixed syrup and distilled water in 
the proportion of one part of syrup to sixteen parts of water, wash 
the precipitate with the mixture until the washings no longer have a 
saline taste. Drain the precipitate on a flannel cloth, and express as 
moehof the water as possiUle. Lastly, mix the precipitate immediately 
with the honey and sugar, and, by means of a water -bath, evaporate the 
mixture, constantly stirring, until reduced to one hundred parts. 

ITotes.~-The reaction is given auder the title, Babcarbouate of Iron. Com- 
pare thia proceas with that for xaccharsted carbonate of Iron. Bodlum bicarbonate 
Bhonldbeused liere as well as lathe preceding preparation Instead of tlie normal 
carbonate ; 76 parts of bicarbonate shonld be substituted for the 110 parts of 
carbonate. The nse ot liot soIutioDB renders the precipitate more dense, nltlch 
is of material advantage in tlie preparation of saccharated feiroua carbonate and 
Vallet's mass, where expeditions wasbing ia necessarj. 



MANGANOU8 CARBONATR 

MANGAin CABBOITAB. 

MnCO,=118.9. 

U&nganous sulphatt^ 22 parts. 

Sodium bicarbonate 17 parts. 

Dissolve the bicarbonate in 200 parts of boiling water; add the 
snlphate previously dissolved in 100 parts of boiling water and sweetened 
with 5 parts of sugar. Wash the precipitate with boiling water contain- 
ing about 4 per cent, of sugar. When the washings give but a slight 
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bubidity with test Bolntion of bariam chloride, press the water out of 
the magma, and dry it as rapidly as practicable, with the aid of moderatQ 
beaL 



LEAD CARBONATE. 
FLITMBI CASBONAS. 

2PbCOr Pb(OH),= 773. 5. 

Prepared by acting on sheet lead with acetic acid, moistnre and 
carbonio acid gas, antil the lead is oonsomed or covered with a thick 
coat of white lead, which is then removed, ground with water, washed 
and dried. Or, carbonio oxide is conducted through solution of snbaoe- 
tate of lead, the precipitate being the product, while the remaining 
liquor containing normal lead acetate is again converted into solution 
of eubacetate of lead by maceration with levigated litharge. 

White lead is a basic carbonate, as may be seen from the fonnola 
given above. 

Normal lead carbonate is obtained when lead nitrate or normal lead 
acetate is decomposed by sodium carbonate. 

Desoription.—A heavy, white powder, insoluble in water, but soluble wltb 
eflervescfuce in acetic or nitric acid. 

The powder blackens on eiposore to an atmosphere cont^nlng hydrogen 
sulphide. 



BISHDTH SDBCAHBONATE 
BISMOTHI STTBCASBOITAS. 

Bi,0,CO,.H,0=52B. 

Biemuth, in small pieces 500 Gm. 

Nitric acid. 1,500 Cc. 

Ammonia water 1,250 Co. 

Sodium carbonate 2,500 Gm. 

Mix 800 C.c of the nitric acid with 1,000 C.c. of distilled water in a 
oapacions glass Tessel, add the bismuth, and set aside for twenty-fonr 
hours to dissolve. Dilute the solution with 2,600 C.c. of distilled water 
(Ttntil permanent turbidity reeolte), stir well, again set the liquid aside 
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for tweotf-fonr houra, and then filter. Dilute the filtrate by grBdasUy 
adding to it 16,000 C.& of distilled vater, and mixing welL Now add, 
dowly, tiie ammonia water through a small siphon, stirring constantly and 
actively. Transfer the whole to a wetted mnslia strainer, and let drain, 
^'hen the liquid haa drained off ponr upon the precipitate 8,000 O.c. of 
distilled water, mixing well, and then let drain again. Xow transfer 
the precipitate to a miitable yessel, add the remainder of the nitric acid, 
and, when all haa dissolved, also add 'gradnally 1,000 C.c. of distilled 
water, and set the solntion aside for twenty-fonr hours. Then filter. 

Dissolve the sodium carbonate in 3,000 C.c. of distilled water, wiUi 
the aid of heat, filter the solution, and set it aside until cold. Now pour 
the cold solntion of bismuth nitrato very slowly into the solution of 
eodjum carbonate, with constant and brisk stirring. Transfer tiie wh(de 
to a wetted muslin strainer, and, after drainiog thoroughly, wash the 
precipitate with distilled water, as expeditiously as practicable, until 
the washings become tasteless. Lastly, press out the moiature aa far as 
practicable, dry the precipitate on bibulous paper, or on muslin, at a 
gentle heat, and then powder it by rubbing it thronj^ a fine sieve by 
means of a soft brush. 

Beaotlon.— First a Bolndon of blsmattioiu nitrate la made: 2B1-|-8HN0,= 
2BimO^+2NO-HH,0. 

This is ponred into a, largn qa&atl^ of wat«r containing ammonia, whereby 
biBic biamnthouG nitrate U tbrown down, the ammonia being added to oeutrallze 
the free Ditric acid ao as to prevent It from retsining tatj binouth nitrate in the 
liquid. Then the precipitate is redlasolved In nitric acid to form again the 
Bi(NO^ Finally, 8Bi(NOi),+8Na,CO,H,0=(B10),CO,H,0+6NalTO,+2CO, 

IToteB. — Aa the bismuth nanally contains arsenic the acid aoludon fint pre- 
pai»d coDtahw bismuth arsenate; when the liquid U diluted with water nntU 
pennaoeutly acnnewhat ttubld, the arsenical salt precipitates before the blamnth 
nitrate doea, and hence, after twenty-four hours' rMt, meet of the arsenate la found 
deposited as a white precipitate, and b then filtered away. The rest of the 
arsenic remalnstn the mother liquor after the precipitation of the bismuth nitrate 
with ammonia, as ammonium arsenate. Bee alao the notes mtder the title. Sab. 
nitrate of Bismuth. 

Description. —A sof^ white powder, which beccmea converted into yellow 
oxide by beat It la quit« insoluble in water, but should give a clear solutltw 
with nitric add. 
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CHAPTER XX. 



BOBATEa 

Borax is the only borate iwed in medicioe or pharmaoy^. 

BOBIC ACID. 

AdDUM BOBIOUH. 

[BOBACIQ AOU}.] 
H^O,=62. 

Ooonra in considerftble quantity in nature, in a free state, espedall^ 
in Tnscany and in the western portions of Korth Amoioa. In some 
localities in ToAcany there are jets of steam issning from the groond, 
and this steam carries boric acid with it, which is obtained by condens- 
ing the vapors, concentrating the solation, and crystallizing. In th« 
United States, west of the Bocky Mountains, the waters of many hot 
springs contain borio acid. The impure boric acid from these sources 
is used chiefly in the manufacture of borax, which is purified by 
reorystallization. Pure borio acid can be readily made from refined 
borax, as follows: 

Borax, in powder 5 parts. 

Hydrochloric acid 3 parts. 

Dissolve the borax in 12 parts of boiling distilled water and add the 
hydrochloric acid to the hot solution, stirring it. Set aside until cool, 
when crystals of boric acid will deposit Collect the crystals upon a 
filter and wash them with a little cold distilled water; then redissoWe 
them in 14 parts of boiling distilled water, filter while hot, and set 
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adde to cooL Colleot the cryatalR on a filter, and dry them between 
blotting paper. 

. More cnyatals may be recovered from the mother liqaor on entpor- 
stion. 

Beaotion.— Na,B,0,+3HCI-HiH,0=4H.BO,+3Nsa. 

NoteB.~The yield 1b aboat S>^ puts. Hydrochloric acid is employed In 
preference to eulphuric add, because ft is comparatively easy to drive off or 
wash away any free HCl; bat sulpbarlc acid can be gotten rid of only witb great 
difflcnl^, If at all. 

Properties.— White, six-sided plates, slightly unctaons to the touch, perma- 
nent In the air, odorless, having a cooling, bitterish taste, and a feebly acid 
reaction; the soliitlDn tuma blue litmus paper red and turmeric paper brown, 
the tint, in the latter case, remaining unaltered In presence of free hydrochloric 
acid. Boric acid is soluble in 26 paru of water and In 8 parte of alcohol at 15° C. 
(58°F.);inSpartHof boUingwater and in 6 partsof boiling alcohol. On Ignition, 
boricacld loses 48.6 per cent, of Its weight, and, on cooling, becomes transparent 
and brittle. The alcoholic Holution bums with a flame tinged witb green. 

UBea.— It is a very powerful antiseptic, and hence of great value, being at 
tlte same time non-Irritant and quite innocuous. As an antiseptic it is used either 
In solution or In extremely flne powder. 

Testa. — An aqueous solution of boric acid should not be precipitated by 
test solutions of chloride of barium (snlphate), nitrate of diver with nitric acid 
(chltnideV sulphide of ammonium (lead, copper. Iron, etcX or oxalate of ammo- 
nium (calcium). A fragment heated on a clean plaUnnm wire In a non-lnmlnoos 
flame should not impart to the latter a persistent yellow color (sodium salt). 



BOKOGLYCEBIDE. 

[QLTCBBYI. BOBATB.] 

Boric acid, in line powder 6 parts. 

Glycerin 9 parts. 

Heat together in a porcelain dish at 150° C. (302° F.), stirring well 
until aqueous vapors cease to be given off, and a homogeneons trans- 
parent mass is formenl, which becomes bard and tough on cooling. 

UTotSS'—Care should be taheo not to heat the mixture too strongly, as that 
would render the product dark colored. 

Bfwo^yceride Is a colorless, tough, solid substance, soluble in water and in 
alcobtd. 



SODHTH BORATE. 
SODII B0B&8. 

[BOBAX.] 

Na,B,O^10H,O=882. 
Borax oocors native in Persia, Thibet, and other western Asiatio 
conntries, and in large deposits in California and Nevada, either alone 
or witb other borates. Most of the borax now nsed is made from erode 
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boric acid by fusion with dried sodium carbonate, solution in water, and 
oiystallizatioD. 

Sesoriptioil. — Large crjBMls or floe white powder, completely soluble in 
water. The crystals become aoIiydroQS on Etrongly heating, iocreaatDg greatly in 
bulk. 

OI.TCEBITE OF BOBAX. 

aX-TCBBITDM BOBAOIB. 

Borax, in fine powder 80 Gm. 

Glycerin 120 C.c 

Distilled water 00 C.c 

Mil in a porcelain capsule and heat gently on a water-bath until 
disBolved. 

Hotea. — TUs preparation becomes acid and unfit for use in a short time, by 
some chemical change. It is haa been staled that free boric add Is contdned In it. 



SILICATES. 

Hony important natural snbetanoee are oilicates, such aa the clays, 
felspars, soapstones, etc., and among artificial products, consisting ensen- 
tially of silicates, may be mentioned the various kinds of glass, porcelain 
ware, crockery, bricks, etc. 

Several varieties ot glase are distinguished. The most important 
are: 

1°. Bohemian glaan. — This is chiefly a mixture of potassium and 
calcium silicates. It is hard, becomes soft only at high temperatures, 
and is not readily attacked by chemical reagents. It is the best glass 
for beakers, tlasks and other chemical waro. 

2°. Bottle gJawi. — This is a mixture of silicates of sodium, calcium, 
iron and alnmininm, and as a role the materials are not selected with 
great care. It is much softer than the preceding and more readily 
attacked by reogente, especially by acids and alkalies. 

3°, Croufiiormndow glass. — This, like bottle glass, oontsins silicates 
of sodium, calcium, iron and aluminium; but the last two are in small 
amount, while the sodium silicate is more abundant than la bottle glass. 

4°. Flint glass. — Is essentially a lead and pota-ssium silicate. It is 
easily melted, heavy, has a bright luster, but is very much attacked by 
reagents. 

Lead glass is sometimes made into ware for chemical use, but it 
should never be employed in contact with solutions, and is consequently 
quite anfitted for reagent bottles. 
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It answers well, however, lor tnbing used for conneotions and in 
manipulatlona wJth gases, being readily bent 

The followiog table gives the composition of several kinds of glass: 



Bobemlsn .. 
Bohemian.. 
BohemlaD .. 



Oermaa crown 

English crowQ 

English window. . . 
Genn.holtow glass. 
French hollow gl asi 

Genuun bottle 



Prencb bottle 5».60 



K,0 

12.70 
15.60 
11.49 

2.73 


Na,0 

250 

""3!07" 

13.00 
]5.00 
13.35 
13.91 

n.oo 

4.86 
20 


CaO 

10.30 

8.00 
10.43 

18.24 

13.40 
18.88 
7.10 
6.60 

20.43 

18.00 


MgO 


PbO 








.38 






















1 


7.00 




8. 

9.40 
11.23 


87.40 
88.11 1 
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CHAPTER XXI 



The soluble aodinm arsenate and iosoltible ferrico- ferrous arsenate 
are the only ones employed 



SODIUH AB8ENATE. 
SODIX ABSXRA8. 
N«,HAsO,.7H,0=312. 

Anenoos oxide 20 parts. 

Sodium nitrate 17 parts. 

Dn«d tocfena cwbonate 11 part& 

D,= iz.;ivl^.OOgle 
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Powder these snbstaDC^ and mix them intimately by trituratioa 
Heat the miztore in a large covered clay cmcible at a red heat nntil 
effervescence has ceased, and complete foMon takes place. Iiet the 
fused mass solidiff on a porcelain surface, and, while still warm, pot it 
into 85 parts of boiling distilled water, and stir until dissolved. Filter 
while hot, and set aside to crystallize. Collect, drain, and dry the 
oryetals, and keep them in a tightly corked bottle 

-A8,O,+3NaN0,+NajCO,=Na.Ai(,O,+N,O,4-CO,; 

and, Na,AB,O,+15HjO-2(Jto,HAB0j.7H,O). 

UTotea.— The residne after the process of heating the mixture is pyroarsenftte 
of sodlam, which is converted Into drthoaraenate by water. 

A more convenient proceas la to dissolve the arsenous oxide in 126 parts of 
solution of soda, evapor&ting to drynesa, and fusing the residue with the sodium 
nltoate. 

When crystalliKed at a low temperature sodium arsenate has 12 molecules of 
water of crystallization; at ordinary temperature It usually crystallizes with 
1H,0; in d^ ^r It effloreues, losing GH.O; the last of the water la driven off at 
about 148° C. (800° F.); and when heated to redness it becomes converted Into 
pyroanenate, which, however, when dissolved In water becomes immediately 
converted back intoar 



. BOLTTTIOH OF SODITTM ABBSSATX. 

l.IQI70a BODn ABSSNATia 

Sodimu arsenate, dried at 149'^ C 1 part 

Distilled water 99 paita. 

Kotaa.— Owing to the variable amount of water of crystaUlEation found In 
the sodlam arsenate of commerce, the Pharmacopcsia directs that the salt should 
be heated at 149° C. (300° F.) nntit deprived of alt its water of crystallization 
before It is weighed out, and used In making the official solatlotu See preceditig 
paragraph. 



ntON ABSENATE. 

FEBBI ABSENA8. 

Ferrotts sulphate 46 parte. 

Sodinm arsenate, dried at 149° C 85 parte. 

Sodium bicarbonate 10 parts. 

Dissolve the sodimn sraenate in WO parts of boiling distilled water, 
and the ferrous sulphate in 240 parts of boiling water; add the solution 
of the iron salt to that of the arsenate; then add the solution of sodium. 
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bicarbonate previoudy dissolved in 120 parts of boiling water. Stir 
well. CoUect the precipitate on a wetted moalin strainer and wash it 
with water until the washings cease to be affected b; test solution of 
barium chloride. Squeeze the washed precipitate, folded in strong 
linen, in a screw press, and dry it on porous brioks in a warm air 
chamber at a temperature not exceeding 40° C (104° F.). 

ITotM.— The reactioD is uialofouB to that occurring In the process of pre- 



Deeorfption. — A green to greenish blue powder insoluble In water and 
alcohol. It contains about 36 per cent, of water of crystallization, most of which 
Ib given off at a temperature of 100° C. 

The solution In hydrochloric acid gives a yellow precipitate with hydrogen 
aolphlde. 



ABSENITES. 

FowWs solution contains potassium arsenite. This is the only 
atseuite of pharmacT. 



SOLUTION OF ABSENOUS ACID. 

LIQUOB ACmi ABSEITOSL 

Arsenons oxide 1 part 

Hydrochloric aeid 2 parts. 

Distilled Water , 97 parts. 

Boil the orsenous oxide with the acid diluted with 25 parts of the 
water until dissolTed. Filter the solution, and pass enough distilled 
water through the filter to make the product weigli 100 parts. 

ITot6B. — The presence of hydrochloric acid materially bMb the solution of 
the arsenouB oxide. When disaolved in the water the oslde Is probably converted 
' into arsenons acid: 

ASjO,+8HjO=aH,AsO^ 

This preparation was formerly erroneousiy called " solution at chlcnide of 
arsenic;" no chemical reaction seems to tahe place between either arsenons oxide 
or arsenons acid and hydrochloric acid in solution, 

Deaoription. — A colorless solution with au acid reaction. It gives a bright 
yellow prec^tltate with hydn^u sulphide. 

Teats.— The strength of the snlntion Is best ascertained by means of standard 
iodine solution, after b<riliag with solution of sodium bicarbonate. 
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SOLUTION OF POTASSIUn ABSENITE. 

UQUOB POT^SSII ABSENITZS. 

[FOWI.EB'B 80I.IITI0N.] 

AiseDOOs oxide 1 part. 

Potassium bicaibooate 1 part 

Compotmd tiDcture of lavender 3 part«i. 

Distilled vater 95 parts. 

Boil tbe areenous oxide and Hiq potassiam bicarbonate in a flask 
^rith 10 parts of distilled water until completeljr diRsolved. Then add 
the tincture, and finally enough distilled water to make the product 1 00 
parts. Set tbe liqoid aside for eight days and then filter through paper. 
B©aotion.-Aa,0,-HKHCO,=2KHjAsO,+H,jO-KCOr 
Notefi.^It has been observed tbat whea solution of oreenite of potaSBJum is 
long kept, a small amount of arsenous oxide gntdunllv BeparaWs. In one case as 
much aa IE per cent, of the amount originairy dissolved had separated in the 
course of three years. It is probable that this is the result of the absorpUon of 
carbonic acid from the ur wherebj the orsenite ia broken up, after which tbe 
arsenouB acidpasseslntothelesssolublecrystalllaemodlflcatioaof arsenous oxide. 
Tbe poastblllt}' of there being precipitated arseoous oiide in tbe preparation 
renders It necessary to examine it from time to time, when it 1h to be dispensed, 
andto filter it occasionally. Still better ia to prepare a fresh lot every six months. 
No separation of arsenoas oxide is likely to occur in eight dfffs, so that the pre- 
cantioQ prescribed in the Pharmacopceial working formula is superfluous. 

DOBOriptJon. — A reddish solution with slight alkaline reaction. It should 
not give a precipitate with hydrogen sulphide until after addition of hydrochloric 
acid. 

The strength of the liquid may be determined by means of volumetric iodine 
sedation, described later. 

PEBMAEfGANATES. 

Permanganate ol potassium is the one important permangaaabe. 



POTASSIUM PEBMANGANATE. 

FOTASSII FEBUAKGAirAS. 

K, Mo jO,= 313.8. 

' 50 Gm. 

Black oxide of manganese, in fine powder 40 Om. 

Potassium chlorate, in fine powder 35 Om- 

Distilled water 500 C.c 

Carbonic acid, sufficient. 
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Uiz the oxide and the potassinin chlorate ; pnt the mixtnre in a por- 
oelain capenle; add the potassa, previonsly dissolved in 40 Co. of water. 
Evaporate the mixture to dryness on a sand-bath, stirring diligently to 
prevent spurting. Powder the residue, put it in a covered crucible, and 
expose it to a dull red beat for one hour, or until it has assomed a semi- 
fused condition. Let it cool, powder, and boil it with 800 Co. of 
water. Let the insoluble matter subside and decant the liquid; boil 
the residue again with 100 C.c. of water and dgain decant. Mix tlie 
decanted liquids, saturate the mixture vrith carbonic acid, and then 
evaporate until a pellicle forms. Set aside to cool and crystallize. 
Drain the crystalline mass, boil it in 60 C.c. of wat«r, and strain through 
a little asbestos placed in the throat of a funnel. Let cool and crystal- 
lize, drain the crystals and dry them by placing them under a bell-jar 
over a vessel containing snlphnrio acid. 



Fot»B.— The carbonic acid la Introduced to convert the potassium hydrate 
hito carbonate, which Is neceseaiy because the manganeae peroxide cannot be 
completely converted into permanganate In the presence oF potasslam hydrate. 

Description.— Dark purple crystals with peculiar greenldi luBter. A very 
small amomit of the salt is capable of Imparttng a deep purple color to a large 
v(dame of water. This la not permanent In presence of OTKanlc matter and other 
rednclnft agents. The solution Is a valuable reagent in viriumotric analysia, and 
will be deacribed later. 
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PREPARATIONS WITH 
ORGANIC ACIDS. 

CHAPTER XXII. 



ACETATEa 

All are 'water Bolnble. Many of them may be prepared by Dentrol- 
izing acetic acid with the hydrates, carbonates, or oxideB of the metals. 
Otfaere are made by double decompositioo. 



ACETIC ACnX 
ACIDUM ACETIOITU. 

Formerly prepared by acetic fermentation of dilate alocdiol, or of 
veak sacchariDe liquids. It is now made by dry distillation of wood. 
Oakwood billets are heated in cloeed sheet-iiOQ cylinders, one of the 
numetouH products being impnre acetic acid, or wood vinegar, which is 
afterwards purified. 

The impore acetic acid obtained by the destractive distillation of 
wood is called pyioligneoos acid, and has a disagreeable smoky odor 
from the empyreomatio products contained in it Even the purer grades 
of acetic acid contain empjn'enmatio matters, and only chemically pore 
acid is entirely free from them. To get rid of these impnrities the acid 
is treated with lime and soda, the acetates of oalcinm and sodium are 
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treed from the tArry matters, and then decomposed by etilphuric or 
faydnxihlorio acid. A nearly pure acetate of sodium can thus be made 
from the impore acid, and by distilling a miiinre of thia sodium acetate 
witli snlphario acid a purer grade of acetic acid is obtained, which can 
be farther purified by again nentralizlDg with Bodimn carbonate, decom- 
poeing the acetate with sulphuric acid, and distilling as befora A pure 
sodium acetate is fiaally obtained, from which pure acetic acid may be 
made as follows: 

Sodiimi acetate IS parts. 

Sulphuric acid 13 parts. 

Beduce the acetate to a coarse powder ; introduce it into a distilling 
flask; waimtheflask; connect it with a ooodenser and receiver; addthe 
sulphuric acid through a fnunel tabe, a little at a time, and oontinoe 
the distillation until 12 parts of distillate have been collected. PUate 
this product with distilled water until it has the specific gravity desired. 

Test the acid with volumetric solution of soda to determine its per- 
eraitage streogUi. 

Fropertiea. — A wateiy Rolatlon composed of 86 per cent, of hydrogen ace- 
tate Mad 64 per cent of water. 

A clear, colorleM liquid, of a distinctly vlnegai^Uke odor, a purely acid taste, ' 
and a etrouKly acid reaction. 8p.gr. 1.048 at 1C° C.(6S° F.),compM'ed with water 
at+4° 0. (W°.Z F.) as 1.000. Its Bpecitic volume is accordiagly 0.864. Mlscible 
In all proportione with water and dcohol, and wholly volatilized by heat Acetic 
add aentrallzed with water of ammonia, Is colored deep red by leirlc chloride, 
and decolorized again bj strongly acidulating with salpnarlc acid. 

At 2Sf 0. (Tl'Te T.) the ofBcial acetic acid has the specific mvity 1.0468 com- 
pared with wiUer at tike same temperature as a constant By Beaum^'s scale this 
acid Is tP.9. 

Testa.— Acetic acid should not yield a Dredpltate with hydrogen aalphlde 
(lead, copper or tin), or when superBsturated wlm water of ammonia (iron), or 
withtestscdationof oialateotaoimDniam(cal(JQm). When sllghtiy soperaatU' 
rated with water of ammonia, the liquid should not exhibit a blue tint (copper), 
nor should any reddne be left on evaporating this alkaline liquid on the water- 
batik (other acids and fixed imparities)^ When snperaatnratea with solution of 
potaaaa It should not have a smoky odor or taste, and when diluted with vol- 
umes of distilled VFster, the color caused bv the addition of a few drops of test 
eoltttion of permanganate of potaadum should not be sendbly changed by standing: 
five minutes Bttbeordlnarytemperatar6(abs.ofemp7reumatic substances). Boiled 
with an equal volume of sulphuric acid, the liquid should not be darkened 
(organic Impurities). OnaddlDgaciystalofferronssuiphate to acooled mixture 
of equal volumes of acetic and sulphuric acids, no brown or reddish brown zone 
should make Its appearance around the crystal (nitric acid). No precipitate should 
be formed on the addition of a few dseps of test solution of chloride of barium 
(sulphuric Bcidl nor by adding to another portion some test solution of nitrate of 
silver (hvdrocluoric scld), nor, after the last-named addition, should the mixture 
tiun dariE on warming (sulphurous add). 

To neutralize 6.0 Gm. of scetlc acid should require 86 C.c. of normal sodium 
hydrste solution. 

The empyreumatic matters. If present In smaller quantities, cannot be 
detected by their odor because masked by the odor of the acid itself; but when 
the acetic acid is neutralized the smoky odoi will at once become distinct unless 
the acid is almost entirely free from empyreuma. The permanganate test Is 
regarded aa too severe when applied sccording to the Pharmacopcsial directions. 
^ „...^,.,r. . . -.,. _^ .«.„>.._.___ .t_ ._!. — ^jig method of applying 

1 water In a test tube; 
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mix hj poiiri&ic the liquid from one teat tube to the other, and not bj doeln); tlie 
tube witb the finger &nd shaking, as that might often vitiate the test; put 6 Cx. 
of diaUlled water in aaother teit tube, to be put t>e«lde the first for compsrlaon; 
now put three drops of decfnormal permsnganate solution in each tube, and mix 
well bypouringbHck and forth between two test tubes 88 before. By comparing 
the color of the liquid containing the acid with that of the liquid without acid, 
the chanj^e of color in the first may be readily obserred. An acid which will not 
wholly change the permanganate color to brown with three drops of the test 
solution within ten minules may l>e considered as a very good acid so far an 
regards freedom from empyrenmatlc prodncta. 

The volumetric test in a safer test of the strength of acetic acid than the indi- 
cation afforded by its specific gravity. It is beat applied as (dIIowb: Weigh 6 
Gm. of the acid in a beaker; add two or three drops of solution of phenolphtal- 
eln, and then add the soda soludon from a graduated burette, stirring well after 
each addition, until the liquid suddenly acquires a pink color. 

When phenol phtalein and a graduated burette are not at haDd,the acid may 
be neutralized with potassium bicarbonate as follows: Diaaotve 10 Qm. of 
crj'stalllzed potassium hicartxinate In 80 Gm. of distilled water in a tared flask, 
and make np the weight to 100 Gm. by adding more water. Weigh 6 Qm, of 
acetic acid into a flask of not less than 4 fluidounces capadty. Now add the 
potassium bicarbonate solntloo, a llttleat atlme, to the acid, until the eServea- 
ence caused by each addition nearly ceases. Then heat the nearly satarated 
acid to boiling, and while hot, add to it caotlously from the potassium bicarbonate 
solution until red litmus paper, — fragments of which are to t>e dropped into the 
flask from time to time,— is turned blue by the liquid. Then weigh the remalndM 
of the solution of potassium bicarbonate to ascertain how much has been used. 
Each Gm. used of this solution corresponds to one per cent, of absolute acetic 
acid, and, therefore, a 86 per cent, acetic acid would require fully S8 Gm. oF 
the solution of potassium bicarixmate to saturate it. If less or more is required 
the acid Is proportionately weaker or stronger. 

Strength.^The various official acetic acids compare as follows: 



8„^. 



Nnmbsr of paito 
raprvMsUns 80 
paru ot HCiB A- 



France (1884). 
U. 8.(1883).. 
OreatBritainf 
Germany (188 
»nsda(l880). 



29.41 



I 



aoi 



CompOflitioii. — Absolute acetic add cont^ns 08.33 per cent, of C«H,0, (the 
acetic acid radical) and 1.87 per cent, of replaceable H. 100 parts of the official 
<IJ. B.) acetic acid (86 per cent.) contains 86.40 per cent, of C,H,Or 

TTaes.— For the preparation of other acetates, dilated acetic add, etc. Also 
in a diluted state, as a solvent for alkaloids, volatile oils, acrid substances, etc 

Saturating power.— lOO parts of the official (U. S.) acetic acid, contdning 
36 per cent of ilCjH.O,, will saturate alkalies as follows: 

Potassa(90 per cent.), 87.88 parts ... 

Solntionof patBssa(5per'«nt.), 67apartB 1 Yielding S8.B0 partsof po- 

Potassium carbonate (81 per cent), Bl. 11 parta '^ '- 

Potassium bicarbonate, 60 parts 

Soda (90 per cent.), 2fl.6fl parts. 

Bolution of soda (5 per cent.), 480 parts 1 Yielding 81.60 partsof a 

Sodium carbonate (96 per cent,), 89.38 parta,. f woni 

Sodium bicarbonate (99 per cent.), 60 91 parts. 

Ammonia water (10 pet cent), 103 parts 

Ammonia water, stronger (28 per cenw), 86.48 I Yielding 46.30 parts of a 

parts ^ ■— "-'- 

Ammonium carbonate, 81.40 parts 
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DELITTED ACETIC ACID. 

AOIDUH ACETIOnM DUinTUH. 

Acetic ftcid 17 parts. 

Distilled vHter KB parta. 

Mix them. 

Properties and tests. — DUated acellc acid containB 6 per cent, of abeolute 
acetic acid^ Eind has the sp. gr. 1.D088. It oorreapnDds,iu properties, to sceticacld, 
and ahould respond to the aajne tests of purity. 

This diluted aceUo &cid Is onelhird stronger tban that of the U. 8. P., 1870, 
ivhlch contained onl7 4.50 per cent of absolute acetic acid. 

To neutralize 24 Gm. of dilate acetic acid should require 24 C.c. of the vola- 
me^c Bolutlon of soda. 

Satoratiiig power.— 100 parts of the offlcial (U. B.) diluted acetic acid, con- 
taining per cent of HC,B,0„ will eatorate alkalies as follows: 

Poiaspa (00 per cent). 6.22 parta__ "1 

Soln^on of potassa (5 per cent) 113 parts I Yielding 0.60 parts of po- 

Potasfltum carbonate (8l per cent), 8.53 parts. [ taHBlom acetate. 

Potssalum bicarbonate, 10 parts J 

Soda (90 per cent), 4.« parts ] 

Solution of soda (5 per cent.), 80 parts | Tleldine 8.60 ports of so- 

Sodlnm carbonate (06 per cent.), 14.8b parts _ _ T dfum acetate. 

Sodium bicaibonate(90percent),8.40parte... j 

Ammonia water (10 per cent), IT parts ] 

Ammonia water, stronger (28 per cent.X 6.07 I Yielding 7.70 parts of am- 

parts — [ monliim acetate. 

Ammonium carbonate, B.33 parts J 

GLACIAL ACETIC ACID. 

AOIDnM ACETIOTTH OLAOIAIiB. 

Nearly or <jiiitG absolute acetic acid. 

Description.— At or below 1S° C. (59 F.) a crrstallind solid; at higher 
temperatures acolorleaB liquid. When liquefied and as near as possible to 16° C. 
<50° F.)it bas the sp. gr. 1.090—1,058. Its properdas are similar to those of acetic 
acid, and it is similarly affected by reagents. 

To neutralize 8 Om.of glacial acetic acid should require not less than 49.5 Cx. 
of normal solution of sodium hydrate (corresponding to at least 90 per cent of 
absolute acedc acid). 

llotes.^^lacial acetic add was not contdned In the IT. S Pharmacopcala of 
1870. At low temperatures it cryHtalllies Into an ice-like mass, and when it only 
partially congeals It has the appearance of a supersaturated solution. 

When glacial acetic acid Is diluted with water Its speciHc gravity Increases 
with BHimmtaneousfalMn temperature nntil the mixtnre contains about 77 to 80 
per cent of hydrogen acetate. Upon the further addition of water, however, the 
epeclflcin^Ttty decreases aud the temperature of the mlxtore rises. An acetic 
acid of il per cent strength has the same specific gravity as the offlcial glacial 
acetic acid, which Is more than twice as strong. 

The corrosive nature of glacial acetic acid renders it neceseair to be veiy 
cautious in handling it, especially In removing the stopper from afull bottle whicn 
baa been standing in a warm place, as vapors of the acid are liable to Issue from 
the bottie with a nsh at the moment the stopper is removed. 
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Saturatiitg power.— 100 paita of the offlcial (U. 8.) glacial acetic acid, 
containing 99 per cent of HCiHjO,, will satuista alkalies as foUows: 

Potassa (90 per cent.), 102.66 parts T 

Solutlonof potasea(6percent.), 1848.0parte... [ Yielding 161.66 parts of 

Potosaium carbonate (81 per cent), 140.55 parts. [ potMsJum acetate. 

Potasatum bicarbonate, 165 parts J 

Soda (90 per cent), 73.32 parts "l 

Solution of Bodft (C per cent), 1320 parW i Yielding 22443 parte of 

Sodlnm carbonate (B6 per cent), S4S.82 parts . _ f sodlunt acetate. 

Bodlnm blcubonate (99 per cent), 140 parts. . . J 

Anunonla water (10 per cent^, 280.60 parts "] 

Ammonia water, stronger (28 per cent), 100.18 I Yielding 137.00 parts of 

parts r ammonium acetate. 

Ammouinm carbonate, 80.95 parts | 

COUHEBCIAL ACETIC ACIBB. 

Tbe several grades of acetic acid generally sold br dealers frequently differ 
from the PbannacioptBial etandarda. The kind lBbeled"O.P."ia often of 1.040sp. gr.; 
and an acid labeled " U. 8. P.'' may be of 1.047 ep. gr., which was the stancuid 

f 1870. The acid sold aa " glacial " is, or baa until recently, been most frequently 



of between 75 and 80 per cent strength (Squibbl but sometimes of 95.60 per 
cent Tbe so-called " No. 8 " acetic acid may be oc Tarious degrees of strengtb 
and purity. Orl^nally itwaean acid of 83percent,andtliedeBignatlon"No.8'' 
was derived from the English excise system, In which the meaning of tbe term 
appears to have been that 1 part of thia acid when diluted would f nmish 8 parts 
of vinegar containing 4 per cent of acetic acid. At the present time, in this 
country, a No. 8 acetic add is atiout 80 per cent at best, ana mi^ be eren beloic 
S6 pet cent. 



poTAssnru acetatk 

FOTASSn ACETAS. 

Acetic Boid 600 C.C. 

Potassium bioarbooato 300 Gm. 

Add the potassium bicarbonate graduallf to the acid; filter; evaporate 
over a sand-bath to dryness, etirring constacUy, adding a little aoetio 
acid i( necessary to keep it in decided excess to the end. 

Must be kept in tightly corked bottles. 

Eeaction.— KHC0,+HC,HjO,=KCjH,0,-|-CO,-t-H,o. 

ITotes. — Theoretically the proportions given In the foregoing formula leave 
tbe acetic acid slightly in excess; but tbis excess of acid will be dnven ofl dnring 
the evaporation, and more must be added from time to time aa may be required 
la order to malutaia a slightly acid reaction. 

The British PharmacopoBla directs the useof potassium carbonate, the propor- 
tions given being 20 avoirdupois ounces of the carbonate of potassium to 4& 
Imperial fluldounces of the B. P, acetic add, which la of 88 per cent strength. 
The U. B. P. prefers potassium bicarbonate, whlcb Is more cheaply procured free 
from silicate and chloride. 

Tbe temperature daring the evaporation should be 120° to 140° C. (248° to 
284° P.). 
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Another method of preparation is as follows; 

Lead acetate 13 paitu. 

Potassium bicarbonate 7 parts. 

Dissolve each salt in aboat 40 parts of water, filter, and add the 
solntioa of lead acetate to that of the potassium bicarbonate, stirring 
well. Let settle. Decant the supernatant liquid which contains the 
potassium acetate, add enough acetic acid to it to render it slightly acid, 
and evaporate to dryness. 

Collect and wash the precipitated lead carbonate. 

Beaotion.— 8Pb(C,H,0,),+eeHC0,= 



aPbCO^Pb(0H),+eKC,H,0,+4CO,+aHjO. 
i. white deliquescent sa" 
f whlcb melu to an oily liquid above 275° C. 



Desoriptioa and tests.— A white deliquescent salt, wlilch is Botuhle in 
cohol, and whlcb melts to an oily liquid above 275° C. 
It 1b veiy soluble In water, sad readily soluble in olcohoL Ita aqueoue aolutlou 



should not be colored or precipitated bv hydrogen aulphlde, ammonium anlpbide, 
ammonlam carbonate, or trarlum chloride. C^vtals dropped on strong sulphuric 
acJd ahould Impart no color, and with a dilute acid they should give uo eSer- 



The absence of sodium acetate may be determined by the flame test or by 
evaporating 4.B Om. of the dry salt to complete dryness with pure l^drocblcaic 
add. The residue of potaasium chloride should weigh 3.72 Gm. 



SODIUK ACETATE. 
SODII ACETAS. 

NaC^Or3H,0=136. 

^lead acetate 20 parts. 

Sodium carbonate 1 r> parts. 

Acetic acid, sufSoieat. 

Dissolve the salts, each in sixty parts of water; filter, and add the 
solntion of lead acetate to that of the sodinm carbonate, stirring briskly. 
Set aside to settle. Decant the supernatant liquid; wash the precipi- 
tate with a little cold distilled water and add the washings to the decanted 
solution. Filter. Add enough acetic acid to the filtrate to render it 
distinctly acid to litmus paper; then evaporate it to 25 parts, and set 
it aside to cool and cry^'tallize. Concentrate the mother liquor by 
evaporation, and crystallize again. 

Must be kept in tightly corked bottles. 

Boaotion.— a:Pb(C5H,O,),.8H,OH-3(Na,CO^101LO,)^ 

3PbCO,.Pb(OH)i-f6(NaC,H,O^8H,O)+a0H,O+COj. 

By-^rodaeL—ThA precipitated lead carbonate should t>e further washed until 
the washings cease to give an alkaline reaction to test-paper, and should then be 
dried. 

Notes. — Another method consists in neutralizing acetic acid with sodium 
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The salt effloresces on exposure, and in order to aafelv drr the cirBtals it Is 
important that the temperature should Dot exceed 30° C. (88° P.). StUl better Is 
It Ui dry the ciTStalUzed salt ia a strong current of cold air produced by a blower. 

Desoriptioii. — Colorless ciystnls, 'somewhat etSorescent in dry air, readilj 
soluble in water, and Boloble in alcohol. Tlie aqueous solution should not tie 
colored or preiiLpitated by the reacenta mentioned under Potassium Acetate. 

SOLUTION OF ACETATE OF AHUONIUH. 

UqUOB AMHONIZ ACETATIS. 

DUuted acetio acid 100 Cc. 

Carbonate of ammonium, Bufficient. 

Add a sufficient quantity of carbonate of ammonium gradually to 
the diluted acetic acid, until the latter is neutralized. 

This preparation should be freshly made, when required for use. 

About 5 Gm, of anunonium carbonate is required. 

Eeaetion.— NH.HCO,.NH,KH,C03+8HC,H.O,= 

8NH,C,H,Oj+3C02+H,0. 

Motea.^To make a preparatton such as the PharmacopcEia Intends, the 
diluted Hcid shoold be cold in order that the free carbonic acid which is formed 
may dissolve in sufficient quantity in the liquid. The presence of tMs carbonic 
acid renders it impracticable to determine the exact point of nentrallzatJon by 
means of test-paper; but the taste is generally fiufflc.iently reliable. The solution 
shonld have a pure saline taste, or the saline taste modified only by that of the 
carbonic acid; a slight excess of acetic acid is less objectionable than any excess 
of aliiali. Even when neutral the solution gives an acid reaction to litmus paper 
owing to the carbonic acid. 

When the atumonium carbonate dissolves Id the acetic acid the temperature 



temperatu 
is lowered, on account of the liberaUon of carbonic acid gas. This fail of t 
temperature of the liquid is advantageous, as it aids tlie solution of another por- 
tion of the ga.^. 

In aome Pharmacopceiaa ammonia water ia used instead of ammonium car- 
bonate. Id tills case the temperature rises. Test-paper can be used to ascertain 
ttie reaction when this method is followed, but it is generally directed that tbe 
solution shall be, not neutral, but sliglitiy acid. The alternate process of the 
Pharmacopceia consists in mixing equal quantities bv weight of two solutions; 
one consisting of 10 parts of ammonium carbonate dissolved in 80 parts of dis 
tilled water, and the other of 2S iians of acetic acid Id 63 parts of distilled water. 

Reducing this formula to volumetric proportions for the sake of greater con- 
venience, 10 Gm. of ammonium cartxinate may be dissolved in a sufflcieot 
quantity of diHtilled water to make the solution mea-'ure SO Cc, and 27 Cc of 
acetic acid diluted with distilled water to measure 90 Cc. Equal volumes of 
these liquids will produce the official soiation of ammonium acetate. 

Description. — A clear, colorless liquid, completely volatile by heat. It 
shonld not be colored or predpitated by the reagents meotloned under the bead 
of Potassium Acetate. 



MAaNESIUM ACETATR 

UAaNESII ACETAS. 

Mg(C^0,),-14?. 

Magneeium carbonate 40 parts. 

Acetic acid 137 parts. 
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Dissolve, filter, and evaporate to dryness. 

A white, gammy, deliqaescent salt, freely solable in water and in 
aloohoL 



ZINC ACETATE. 

ZZNCZ ACETAa 

Zn(C,H,0,)^3H,0= 236.9. 

Zino oxide 800 Gm, 

Acetic acid 1,000 C.c. 

Distilled water 1,000 C.c 

"MJT 600 C.c. of the acid with the whole of the water in a flaak, 
add the zinc oxide, agitate gently, and warm the mixtiu^ to abont 
60° C. (140° F.); add the remainder of the acid gradually, continning 
the digestion until no more of the oxide is dissolved. Heat the solution 
to the boiling point; filter while hot, add a little acetic acid (about 10 
C c) to insure that the acid is present in slight excese. Set the solu- 
tion in a cool place for two days to crystallize. Decant the mother 
liquor, evaporate it over a water-bath to one-half, acidulate with acetic 
acid as before, if necesnary, and again set aside to crystallize in a cool 
place. Put the crystals in a funnel to drain ; tlien dry them on filter 
paper or on a porous tile, without the aid of heat 

Must be kept in a tightly corked bottle. 

Heaotion.— ZqO+3HC,H,0„ = Za(C,n30j),+H,0. 

ITotea. — ThewmereauU'willbeobtainedif 430Qm. of zioc carbonate be used 
Instead of 300 Gm. of the oslde. The ciu-boDate ahould be added grBdnolly on 
acGODDt of the «ffervescence caused by the liberation of CArbotilc acid, aad the 
soluUon formed is then to be boiled a few minutes to expel the carbonic acid per- 
fectly. 

nhen tbe pr(-paration is made on a ntsDufacturing scale from commercial 
zinc oxide or cartuinat«, it is neceBsary bo digest the Boiution of acetate of zinc 
for several days with some pure metallic zEac, or with pure zinc oxide, in order to 
remove any lead, copper, cadmium and iron that may be present^ By this diges- 
tion, howcTer, some basic zinc acetate is formed, which must be converted into 
normal aretate by the addition of more acetic acid before crystallizing. A solu- 
tion of basic salt will not crystallize, but the presence of a little free acetic acid 
f scUilBtes the crystallization 

When the first crop of crystals has been collected, the mother liquor must be 
evaporated at a temperature not above 80° C. (17e°F.) until a pellicle forms, after 
which it is set aside in a cool place. If the evaporation Is carried too far a precipi- 
tate of zinc acetate containing but one molecule of water of cryBtallizatlan will 
deposit. 

Zinc acetate may also be nutde by double decomposition from 38 parts of lead 
acetate and 29 parts of zinc sulphate, each dissolved in 80 parts of distilled water, 
the golations being filtered and then mixed. The reacdort is then : 
Pb(C,H,0^+ZnSO,= Zn(C,H,0j),+Pb30,. 
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I>eaOTiptloii.~Boft, pearly white crjetalliDe plates, with alight odor of acetic 
acid and aharp taate. Fieely soluble la wat«r, less solnble In alcohol. 

Tests-^TIie aqaeons solution must not be precipitated bj barium clilorlde 
or silver nitrate, bot should field a pure white precipitate with hTdroceD sulphide 
or smmoninni sulphide, insolnble la acetic acid, but soluble in dilute mineral 

A pore white precipitate is produced by potassium ttjdiate, soluble in excess. 



SOLX7TION OF ALUMINnrU ACETATE. 

UQUOB ALUHINII ACETATI8; O. 

CoDtaining seTen and one-half to eight per cent of basic alnminiam 
acetate {il,(OH),(C,H,0,)^ 324.) 

AlominJnm sulphate 30 parte. 

Aoetio acid 30 parts. 

Precipitated calcium carbonate 13 parts. 

Water 100 parte. 

DisscdTe the altunininm sulphate in 80 parts of water, and add the 
acetic acid. Mix the calcium carbonate with 20 parts of water, and add 
this mixture gradually and with constant stirring to the solution of 
alnminium sulphate. Set aside for twenty-four hours in a warm place, 
agitating the mixture frequently; then decant, and filter. 

Boaotion.— Al^BOA+4HaH,0,+80aCO,= 

Al^O H)^C,H,OiX+8C8S04 4-8CO,-f H,0. 

As will be seen by this equation, the solution must contain a small quantity 
of calcium sulphate, which Is not insoluble In the liquid; and In mixing the calcium, 
carbonate with the octd and alumioium solph^, carbonic acid is evolved. 



SOLUTION OF FEBBIC ACETATE. 

UQirOB TBBSl ACETATI8. 

An aqueous solution of ferric acetate (F6i(C^Sfij)„ 466) containing 
33 per cent, of the anhydrous salL 

Solution of tersulphate of iron 100 parte. 

Glacial acetic acid 26 parts. 

Water of ammonia 80 parts. 

Distilled water, sulficieut. 
To the water of ammonia diluted with 200 parts of cold water add, 
oonstently stirring, the solution of tersulphate of iron pTevioosly diluted 
with 350 parts of cold water. Pour the whole on a wet muslin strainer, 
allow the precipitate to drain, then return it to the ve^el and mix it 
intimately with 600 parts of cold water; again drain it on the strainer, 
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and repeat the operation until the waahiogB cause but a slight clondi- 
ne8s with test solution of obloride of barium. Then allow the excess of 
water to drain off and press the precipitate, folded in the strainer, until 
its weight ia reduced to 70 parts or less. Add the precipitate to the 
glacial acetic acid contained in a capacious porcelain capsule, and stir 
occasionally, until the hydrate is entirely dissolved. Finally, add suf- 
ficient cold distilled water to make the product weigh 100 parts, and 
filter if necessary. 

Solution of acetate of iron should be kept in well stoppered bottles, 
protected from light. 

Eoactioii.— First, FefSOA-HNH.OH = Fej(OH),+8(NB,),80, j then 
Fe3(0H),-|-aHC,H,0, = Fej(,CjH,0i),+6H,0. 

Notes. — In order to make tbU preparatJon enccessfuU;, the directions of the 
l'harinacnp<Eta must be strictly obeyed. Cold liquids mnet be used tboughont, 
sod If practicable the solntion should be made in cool weather. See the notes 
on ferric liydrate. When the hydrate bus been Well washed and drained, as 
much as pMBible of the water held by the magma must be forcibly pressed out, 
sad the weight of the hydrate thuareauced to the qnantity stated. This la neces- 
sniy b^anse a larger quantity of moisture ret^ued in the magma would to dilate 
tlie acetic acid that it could no louKer dissolve the hydrate, so that a turbid mix- 
ture instead of a clear solution would result. No heat must be employed, because 
heat decomposes the ferric hydrate, depriving it of water of hydration and thus 
rt-nderlng ft insoluble, whilut it at the same time volatilizes acetic acid. Fven 
the elevation of temperature caused by the solntlon of the ferric hydrate in the 
Rtrong acetic acid Is too great not to be kept under control so far as practicable. 
To obviate this generation of heat, the ferric hydrate should be added In small 
l>ortioDB at a time to the acid. 

Filtration Is im practicable, or perhaps worse than useless. If the solution is 
unclear, it will be rendered more so by aoy exposure to the air during filtration, 
from loss of acetic acid, and chemical changes, and even Ifthe filtration be carried 
out so carefully as to eBecCually prevent loss of acid and access of air, the liquid 
will pass through the filter paper extremely slowly and rarely clearer than before. 

The prepsjBtion Is used in making the tlnctare. 

Description. — A. deep reddish brown liquid, with slight acid reactiou and 
styptic taste. 

It gives a red precipitate with ammonia water, and a blue with potassium ter- 
rocyanlde. Its sp. gr. is 1.160, and its sp. vol. 0.S6S. 



TINOTUBE OF ACETATE OF IBOIT. 

TINOrnBA FBBBI AOBTATIB. 

Solution of ferric acetate 86 Cc. 

Acetic ether 45 C.c 

Alcohol 74 C.c 

Mix the alcohol and acetic ether; then add the solution of ferric^ 
acetate slowly and in small quantities at a time. 

ITotes.— If the ferric acetate is added all at once, heat is generated, whereby 
acetic acid and acetic ether are volatilized, and the prepu^tion Is liable to become 
unclear from bssic ferric acetate. 

Must be kent in 'a well stoppered bottle In a cool dark place. 
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BOXTUBE OF ACETATE OF IB.OTS AND AMHONItTM. 

HISTDBA S-BBBI BT AMUONII ACBTATIB. 

Tmctnre of chloride of iron 2 Gm. 

Diluted acetic acid 3 Gm, 

Solat'ioD of acetate of ammoniam 20 Gm. 

Elixir of orauge 10 Gm. 

Syrup ID Gm. 

Water .' 50 Gm. 

To the eolation of acetat« of ammonium, previously mixed with the 
dilnted acetic acid, add the tincture of chloride of iron, and then the 
disir of orange, syrup and water, and mix the whole thoroughly. 

ITotes. — The preparatlno contains ferric acetate aod annnaninni chlnride 
formed by double decompositioa between the ferric chloride and atntn<iDiuin 
acetMe. Volumetrically the mixture cooGists of: 

Tincture of ferric chloride 10 C.c. 

Diluted acetic acid - 15 C.c. 

Solution of ammonium acetate 100 C.c 

Elixir of orange 43 C.c 

Syrup _ 59 Uc 

Water -- 230 C*. 



L£AD ACETATE. 

FLTTHBI ACETAS. 
Pb(CrH,0,)^3H,0=878.5. 
Commercial "sugar of lead" is prepared from litharge and wood 
vinegar, and is pari£ed by recry stall ization if ueceesary. For pharma- 
ceutical uses it is made by one of the following two processes: 

FIRST METHOD. 

Sugar of lead .^0 parta. 

Acetic acid 1 j)art. 

Boiling distilled water 30 i>arts. 

Dissolve, filter, and set aside to crystallize. Collect the cry.stals. 
Evaporate the mother liquor to one-half and set aside to crystallize 
again. Eepeat the evaporation and cry stall ization of themother liquor 
so long as a pure salt crystallizes, or as often as it proves profitable. 
lL>rj the crystals a'l rapidly as practicable, and without the aid of heat. 
SBCOSD yfBTHOD. 

Oxide of lead, in fine powder 180 Gm. 

Acetic acid 280 C.c 

Water 140 C.c 
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Mix the acid and water, and dissolve the oxide in the miztnre with 
the aid of a little heat Filter, evaporate until a pellicle forms, and 
then set aside to cool and crystallize, adding first a little more acetic 
acid, if necessary, to f^ve the solution a distinctly acid reaction. 

Collect, drain, and dry the crystals, and evaporate the mother liquor 
to recover more product, as in the preceding process. 

Beaction.— PbO +3nCjH,Oj+2H,0 = Pb(CjH,0i)r3H,0. 



Hotea.— If tite coDoenirated eolution b cooslantly itirred in cooling, or 
shaken in a wide-montlied bottlp, a granulated product la obtained. If allowed 
to crystallize at perfect rest and slowly, from dilute solatioDS, large c^tals may 
be obtained. A granulated preparation (in minute rrystala) is preferable for 
pharmaceutical purposes. The crystals should be drained aa rapidly as possible 
— on muHlm if Uie quantity Is large — and dried in an atmosphere of acetic acid 
produced by spriukline a little of the acid about the drying salt The product, if 
the quantity Is not too large, may be most conveniently and aafelydriea by gently 
pressing It between blotting paper, changing the paper several tfmes, and.asBoon 
as moist, until the salt is dry. 

Hoist lead acetate rapidly absorbs carbqnic acid from the ^r, if exposed, and 
forms insoluble carbonate. The surface of the crystals becomes white when 
covered with carbonate. 

The salt also easily loses water of crystallization. 

Lead acetate must be kept In well closed bottles in a cool place. 

Description.— Glassy prismatic crystals which, when pure, are readily scA- 
uble In water, giving a clear solution. A turbidity indicates usually carbonate, 
and should disappear on addition of a drop or two of acetic acid. The crystals 
should be readily soluble in alcohol. 

The aqueous solution should be completely precipitated by hydrogen sulphide, 
giving bhictc lead sulphide. The filtrate should not be precipitated by ammonia 
water, ammoQlnia sulphide or carbonate. 



SOLXn^ON OF SUBAC3ETATE OP LEAD. 

LIQtrOB FLVMBI 8UBACETATI8. 

An aqueous liquid containing in solution about 25 per cent of sub- 
acetate of lead. 

Acetate of lead 17 parts. 

Oxide of lead 12 parts. 

Distilled water, sufficient 

Dissolve the acetate of lead in 80 parts of boiling, distilled water, in 
a glass or porOelaiu vessel. Then add the oxide of lead and boi) for 
half an hoiu*, occasionally adding enongh hot distilled water to make up 
the loss by evaporation. Remove the heat, allow the liquid to cool, and 
add enough distilled water, previously boiled and cooled, to make the 
product weigh 100 parts. Finally, filter the liquid in a well covered 
tunnel. 

Solution of snbacetate of lead should be kept ia weU stoppered bottles. 
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Hoaotion.— PbO-|-H,0+Pb(C,H,0^=Pt<CAO,),Pl)(OHV 

ZVotes. — At least four buic ]«ad acetates are known, difiering from each 
other in the percentage of acetic acid wid in their Bolnbllity in water. They may 
all be prepared by the same method, the only difference being In the amount of 
lead oxide diBsolved. In the preparations of the U. 8. nnd Brit& Pharmacopcelas 
the di-baslc lead acetate (Pb(C,H,Ui>rI^OHU is probably the salt that is present 
In the greBtest proportion ; but ftome ot each of the other basic acetates la also 
contained in the enlutlon. 

All of the oxide of lead added does not dissolve, no matter what may be the 
quantity, for a portion of it becomes converted into carbonate. As soon as tbe 
residue becomes quite white, no more of It will be dissolved. 

Bottles coatainlng solution of subacetate of lead soon bemme coated with 
lead carbonate, which forme a white crust on their sides. This white crust is 
most readily removed by nitric acid. 

The preparation becomes whitish on dilution with water containing carbonic 
acid, sulphates, etc., and can be diluted so as to form a clear liquid only with 
distilled water. 

DesoitotiOIl. — A colorless solalion with a sweetish taste and allcaline 
reaction. 8p. gr. about 1.338, and the sp. vol. accordingly atmut 0.814. 

Uses.— It Is employed in several other preparations, and frequently as a 
Kftgent in proximate analysis. 



OZ.TCSBITE OF SUBACETATE OF LEAD. 
OLTOXBITUK PIiUHBI OVBAXjmVA.'CIB. 

Lead acetate 250 Gm. 

Lead oxide, in fine powder 175 Om. 

Glycerin 1,000 Gm. 

Distilled water , 600 C.c, 

Mix in a porcelain disti and boil the mixtare fifteea minates. FQter 
and evaporate the filtrate to 1,000 Co. 

Notes. — This solution will bear dilution with dislUled wat«r. yielding a 
clear liquid. It has the same strength as the offlclat solntlon of subacetate of 
lead. 



COPPER ACETATE. 
C1JPBI ACBTAS. 

Cn(C,H,Os)^H,0= 199.2. 

Subacetate of copper 100 Gm. 

Dilated acetic acid 400 C.c 

Water 200 Co. 

Triturate the Terdigrii} with enough water to form a emooth, thin 
paete. Then add the acid, mix well, transfer the mixture to a poroelaiu 
capsule, and heat it over a water-bath at not over 80° C. (176° F.) until 
solution is effected. Filter while hot Set aside to cool and crystallize. 
Collect and dry the crystals on blotting paper in a cool place. 
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Beaotion.— Cu,O.CC,H,0,>,-l-2HC,H,Oa+H,0=2(Cn(0,H,OjVH,0). 

Notea.— To obtain good cryBtala a slight excess of acetic acid must be present 
dniiDg the evaporation aad ciystallization. Should tlie liquid become tmclear 
from blue dl-baslc copper acetate, through, loss of acetic acid by evaporation, more 
a/^d must be added. 

Additional crops of crjBtals can be obtained from the mother liquor on evap- 
oration. 

The total product should be at least eqoal to the weight of the verdigris used. 
The crj^tals should be diatlnct, deep green, and stiould make perfectly clear 
solutions with water, orwtth ammonia water. 

Must be kept in a well corked bottle, and in a cool place. 

Ajiother method is as follows: 

Copper sulphate 2 parts. 

Lead acetate 3 parts. 

Acetic acid, sufficient. 

Dissolve each salt separately in 6 parts of water. If necessary add 
a, litUe acetic acid to the solution of the lead acetate to render it dear. 
Filter the solutionB. Mix them. Filter. Collect the filtrate contain 
ing the copper acetate, evaporate it on a vater-bath at not over 80° C. 
070° F.) nntil a pellicle be^na to form, taking care to keep acetic acid 
present in excess. Then set aside to crystallize. 



Not«e.~HBndsome rhombic crystals of normal cuprtc acetate with S mole- 
cules of water are formed if a solution saturated at 60°C(14O°F.) Is rapidly 
cooled; when warmed to about 80° C. (86°, F.) these crystala lose 4 molacnies of 
water and tarn green and opaque, but retain their form. 

Copper acetate readily loses acetic acid and water, becoming baMc, Insoluble, 
and blue or light green. Hence the necessity of keeping the salt tn a tiglitly 
closed bottle in a cool place. 

In the process of preparation it should not be exposed to the air and to heat 
any more than Is unavoidable. 

^ in water, and difflcuIUy soluble in alcohol. They efl 

on expoence to the a: 



VALEBATES. 

The sodium and ammoniom valerates are readily soluble in water, 
and are prepared by neutralizing tlie acid with the carbonates or bydrates. 
Zinc valerate is not readily soluble, and ferric valerate is insoluble; 
these two are made from the sodium salt by double decompoeition. 



VAIJIBIC ACID. 

ACIDUU VALEBIAinC0H. 
HC.H,O,-:102. 
This acid exists in valerian, authemia, angelica, old hops, etc It is 
also obtained by the oxidation of certain organic substances, and is now 
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prepared mainly by oxidizing emylio alcohol with chnmnie acid, as 
described under ^ho title, Sodium Valerate. From this salt the acid in 
obtained by adding sulphuric acid, when the oily valeric acid rises to the 
sarfac€^ and is Heparated and di.'itUled after haying been deprived of water 
by shaking it re{)eatedly with strong sulphuric acid. 

Deaoriptloil.^A thin, oily liquid, with a peculiar slurp disiwreeable odor, 
which is very characlerietic. It does Dot mix In all proportions with water, but 
requires between 29 and 30 parts by weight for solution. 

It dissolves In all propordoDs in alc^ol aod eth<tr. It boils at 175° C, and 
lias a specific gravity of .9586 at 0° C. 



SODIUM VALERATE. 
80DII VALEBIAITAS. 

NaC,H,0^=12t 

Amylic alcohol 800 C.c. 

Potassium bichromate 1,800 Om. 

Sulphuric acid 1,300 C.a 

Water 16,000 Co. 

Solution of Boda, sufficient. 

Dilute the sulphuric acid with 2,000 Co. of the water. Dissolve 
the potassium bichromate in the remainder of the water with the aid 
of heat. When both liquids are cold mir them with the amylic alcohol 
in a retort or flask, with occasional brisk agitation, until the temperature 
of the mixture has fallen to about 32° C. (88.° 6 F.). Connect with a 
condenser, and distil until about 16,000 C.c. of distillate has Ix'en 
obtained. Saturate the distillod liquid accurately with the solution of 
soda, remove any oily fiuid which floats on the surface, evaporate until 
watery vapor ceases to escape, and then raise the heat cautiou.sly until 
the salt is liquefied. When the product has cooled and solidified, break 
it into pieces, and immediately put it into a stoppered bottle. 

B©aotiOii.-8C.H,,0+2K,Cr,Od-8H.50,= 

80jH,oO,+3KjSO.+2(Cr/SOj)^ n H,0. 

ITOtBfl. — The bichromate ot potassium is decomposed by the snlpliuric acid, 
the products being potasdum sulphate and chromic acid. The amylic alcohol is 
then oxidized by the chromic acid, and when the mixture is subjected to dlstilla- 
UoD, the distillate consists of valeric acid and amy 1 valerate (or apple oil). 

When sodium hydrate Is added totheilquid, the amyl valerate sepBratesssan 
cdly la^er, tvhilst the valeric acid is oeutralized, forming sodium valerate. If the 
oily amy] valerate be warmed with the soda solution it is decomposed, yielding 
sodium valerate and amylic alcohol, which also appears as an oily liquid on the 
surface of the solution. Aft^r removing the oily fluid, the solation of sodtum 
valerate is evaporated and the salt fused. 

Description. — White crystals, soluble In water and alcohol. The ciystala 
absorb water from moist air, and liquefy. They melt without decMnpoBltion,ata 
temperature of 140°. The aqueous solution should remain colorless whentrMted 
with hydrogen sulphide or ammonium sulphide. 
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AHMONIUM VAI^BATE. 

AHUOUrn VALEBIAITAB. 
NH.C.H.0j=I19. 

Prepared by EStnrating valerio acid with dry ammoiiia gas, usually 
generated from a misture of equal parts of ammoniam chloride and 
lime. The heat produced by the chemical onion keeps the salt in a 
liquid condition, and on cooling the valerate crystallizes. The salt can- 
not be crystallized from an aqueous solution. 

A solution of ammonium valerate may be readily prepared by dis- 
solving 102 Crm. of valeric acidin610m.of stronger water of ammonia: 
if dilnted with distilled water until it measures 238 cubic- centimeters, 
each C.c. of this solution will contain 0.50 Gm. of the salt 

Neutral ammonium valerate easily part« with ammonia and becomes 
acid; in solution it is to be carefully neutralized with ammonia water. 



ZINC VALERATE. 

ZZirCI VAT.EBIAWAB. 

Zn(CjH,0,)rH,0= 284.9. 

Sodium valerate 25 parts. 

Zinc sulphate 29 partfl. 

Distilled wat«r, sufficient 

Dissolve the salts, separately, each in 200 parts of water; heat the 
solutions to boiling; mix while hot; let the mixture cool. Collect the 
crystals, wash them hastily with cold water, and dry them between filter- 
paper. 

Another crop may be bad by evaporating the mother liquor to 21) 
parts, cooling, and separating the crystals formed. 

Beaotiou.— 2NaCtn,Oa+Zn80j=Zn(Cin,0,),+Na,SO,. 

ITot6S.— As the zinc valerate ia lighter than the Bolutlon of Bodlvni sulphati'. 
the crystals rUe to the snrtace m they are formpd. 

The salt may also be made by dissolving 3 parte of zinc oxide In a mixture of 
5 parts of valenc acid, 200 parts of alcohol, and SOO parts of water; but the 
ciystallizatioa Is tedious on acconnt of the necessity of using but moderate heat 
in evaporating the aolation. 

The crystals must br dried without the aid of heat 

Desoription-'^Soft, glistening white crystals, soluble in abotit 100 parts of 
water, also soluble In excess of ammoBla water. 

The solution should give a perfectly white precipitate with hydrogen sulphide. 
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FERRIC VALERATE. 

FEBBi val:esiatsab. 

Fe,(CiH,Oj).=718. 

Prepared by adding a cold dilute solutioa of ferric clU<Hide to a 
solution of sodiimi valerate so long as a precipitate is formed. The 
product is collected on & filter, washed with a little cold water, and dried 
without the aid of heat 

Heaction— Pe,Cl,-|-8N&C,H,O,=Fej(C(H,0,),+6Naa. 



LACTATES 

Those of zinc aad iron are alone used Both are soluble in water, 
but require a large proportion of the Bolvent. 



LACTIC ACID. 
ACIDUM LACTICUM, 

HC^O,=90. 

Miltc-sngar yields, by fermentation, lactic acid: 
C„H„0„ +H,0 = 4HC^0r 

Several other organic substances, as dextrin, glucose, etc, are also 
capable of undei^ing lactic fermentation. 

When a mistore of 100 parts of sugar dissolved in sufficient water 
to yield a solution of about 1.06 sp. gr., with 8 to 10 parts of old 
cheese, and 50 parts of prepared chalk, is exposed for several weeks to 
a moderate beat, such as is afforded in a sunny place in the summer, oal- 
dum lactate is f omaed which is found crystallized in the liquid. The 
lactate of calcium is recrystallized, if necessary, and decomposed hj snl- 
phuric acid, yielding lactic acid and calcium sulphate. 

Lactic acid is also prepared from milk-sugar and skimmed milk, a 
mixture of 300 Gnx of milk-sugar and 4,000 G.c. of milk being exposed 
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to a temperature of 20° to 30° C. (68° to 86° F.), and the acid neatral- 
ised from time to time with sodium bicarbonate, mitil the lactio fermen- 
tation oeasee. The Holution of lactate of Bodimn is then evaporated to 
a syrap7 consistence, dissolved in alcohol, and decomposed by enlphnric 
add, after which the lactio acid is nentralized with chalk, and the 
lactate of calcium in turn decomposed to obtain a purer prodnot {See 
also. Ferrous Lactate). 

Deaorlption.— A colorleu, or veir pale jellowish, ^apy liquid, odorlesa or 
nearly 60, acid to thtf taste. 8p. gr. 1.219; ap. vol. 0.830. Mlsdble in all pro- 
portions with water, alcohol, and eUier, but uearly insoluble in chloroform. 

Testa. — Warmed with potasdum permanganHte It developB an odor of 
aldehyde. When heated it vsporixeB, and decomposes at about 176° 0. (SSO° F.) 
yielding Inflammable gases, which at flret bum with a blue flame. 

A eolation of lactic acid In ten parts of water, neutralized with ammonia, is 
not pretipltated bf ammonium sulphydrate. ' Not more than a faint opalescence 
Is caused by barium chloride, silver nitrate, or ammonium oxalate; no precipitate 
la formed when it Is boiled with an excess of Fehltng's solution. 

To neutralize 4,60 Qm, of the acid should require 87,00 c. of the normal 
solution of sodium hydrate, indicating 75 per cent of HC,HeO,. 

BatnratiiiK power.— 100 parts of the official (TJ. S.) lactic acid, containing 
70 per cent, of HCiH^O,, will satiirat«: 

po,«..^b.c„bo.«.,«u»p-« -.,-. ) ™'"a'™ iss °""- 

Sodium bicarbcmate, 70 partn 1 Yielding 93.3S parts of sodlnm 

Sodiimt carbonate, IIO.I parts _ J lactate. 

Ammonium carbonate, 48.53 parts ^ 

Ammonia water (10 per cent), 141.17 parts.... 1 Yielding 89.17 parts of am- 

Ammonia wst«r, stronger (36 per cuit.), 50.60 f moninm lactate. 

pMta _ J 



ZINC LACTATE. 
ZlKd IiACTAB. 

Zii(C^0,)^3H,0 = 296.9. 

Prepared by uentralizing warm dilute lactic acid with zinc carbonate, 
and crystallizing. 

Can also be prepared by doable decomposition between sodium 
lactate and due chloride. 

White or colorless qoadrangnlar crystals, inodorous, and having an 
acidnlooa metallic taste, and acid reaction. Soluble in r>8 parts of cold 
and 6 parts of boiling water; nearly insoluble in alcohol. Heated to 
100° C. (212° P.) it loses its water ot orystaUization. 
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FERROUS LACTATE. 

FEBBI LACTAS. 



re(CAO,)j.8H,0= 288. 

Dissolve 12 parts of powdered Tnilk-sagar in 240 parts of iriiey bom 
spontaneoTialy soared milk; let the solntion stand in a place where the 
temperature is maintaiiied at from 30° to 50° C. (86" to 95° F.), and, 
after fermeiitBtion has commenced, neatralize the liq^uid daily with 
sodium bicarbonate until about 13 to 14 parts of the bicarbonate have been 
used- Heat the liquid to the boiling point, add dilute sulphuric acid 
"ontil an acid reaction in produced ; filter, and evaporate the filtrate over 
a water-bath until reduced to oae-sizth of its weight. To the hot 
liquid add a solution of 9 parts of ferrooa sulphate in 18 parts of hot 
distilled water. Strain .or filter the solntion, and set it aside for several 
days to crystallize. Collect the crj'stals, wash tbem with a little cold 
distilled water, and afterwards with a little alcohol; press them gently 
between filter paper, and dry the prodnet with the aid of gentle heat, 

Mnst be kept in tightly closed bottles, in a cool, dry place. 



Notes.— The whey cuntaina 4 to S per cat. of mllk-BUgar, and thia, together 
with that added, jlelda lactic acid, as shown above. 

Unless this acid 1b neutralized fromtime to time, the lactic fermentatioD,wh!ch 
ordinatllv cnntiauas for a week, ma^ change to vinous and acetic fermentation. 
The production of alcohol and acetic acid might also follow if the temperature 
Of the liquid Is below 20" C. (68° F.): 

CuHjjO,i+HjO=4C,H,0+4COr 

Should the temperature be allowed to exceed 40°C. (ItH^F.), or so lueufB- 
cient quantity of mUk-sugar be used, butyric acid will be formed: 
SHC,H,6,= CjH,Oa+2CO,+2H, 

To aireat further fermentation, the liquid la heated to the boiling point, which 
atthe same time coagulatea, and facilitates the removal of albumGioid matters. 
Dilute sulphuric acid is added to prevent the formation of ferric salt, throwing 
down ferric hydrate, which is filtered out, and to ditcompoae any alkali which may 
have been added in excess. The aolutlon of sodium lactate is then mixed v\ik 
solution of ferrous sntphate, when double decomposition results: 
2NaCjHjO,+Fe80j=Na,80.+Fe(C,H50,)j. 

The cryatals of ferrous lactate are removed from the mother liquor, and then 
rinsed free from sodium eolphate by cold water, after which tiie water adhering 
taj the salt is washed off with a little alcohol to facilitate subsequent drylDK. liie 
product must be dried at not above 30° to 40° C. (86° to 104° F.) as ra^dly as " 
practicable to prevent oxidation. 

If not thoroughly dry when put up It aoon oxidizes. 
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Tests.— A pnparation ectlrel^ free from ferric lactate caaoot be produced. 
The less ferric salt the preparation contains, the greener will be its color. It 
should have the proper greenlsti color, sod yield a greenish solutioa with w&ter. 
As the Holutioa of this salt in water is always a alow process, the ferrous lactate 
sbouldbe triturated to ftne powder before adding the water. The Altered sola tlon 
shoald. not be rendered turbid bj solution of lead acetate (sulphateB, chlorides, 
tartratee, ci'teatee, mala^aa^ etc.). 



CHAPTER XXIll. 



OLEATE& 

Soaps and lead plaster are the most familiar oleates. 

Soft soap is chiefly potassium oleate with F«me etearate and 
palmitate, aad hard soap contains sodium combined in the eame way. 
Other Boaps are mixtures of potassiom and sodinm oleate. 

The alkali oleates are soluble in water, are detergent, and are 
the Koapa proper. The insoluble oleates of the earth metals and heavy 
metals are esilGd plasters. 

The "soap" official in the XI. S, P. is sodium oleate prepared by 
boiling olive oil Tvith caustic soda; the "green soap " of the Fharma- 
copceia is chiefly potassium oleate, prepared by boiling animal or 
vegetable oOs with caustic potasaa. 



OLEIC ACID. 

ACIDUM OI.EICUH. 

HC„H„0,=282. 

Impure oleic acid, known as "red oil," is obtained as a by-product 

in the manufacture of candles. Fats consist of olein, palmitin and 

stearin, which are the glyc«:rides of oleic, palmitic and stearic acids. 
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The solid fatty acids (palmitic and stearic acids) ore separated for use 
in makmg candles, aod the reeidue, called " red oil," is crude oleic acid. 

This red oil is purified by exposing it to a temperature of about 
4°.5 C. (■10" F.) when the stearic and palmitic acids contained in it 
solidify and are removed by pressing and straining, after which the 
crude acid is treated TFith sulphurous acid, -washed, and filtered. 

The product ia far from being chemically pure, bat is sufficiently 
pure for pharmaceutical and medicinal uses. 

Description.^ A pole yellow, oc light sherry-colorMl, neatly inodorous and 
tBfitelees,olty liquid, of neutral or but faintlr acid reaction. Exposed to the air It 
darkene, becomtDK brown, and asaumes a decidedly acid reaction. 8p. gr. 0.860 
to 0.890. Insoluble in water but readily soluble In alcohol, chloroformed ether. 

Teata.^tt forma a nearly coIorlesB or but alfghtlv yellowish potash soap. SO 
parte being completely aaponiSed by S parts of potassium carlMnate disaolrea in 
twice its weight of water, and the saponification aidrd by gentle heat. 



POTASSIITM OLEATK 



POTASSII OI-EATUK. 

KC,^O,=320. 

A good green soap for pharmaceutical purposes can be made by 
boiling together 40 parts of flaxseed oil, 2 parts of soda, 8 parts of 
potassa, and 40 parts of water. The product will contain some free 
alkali and the glycerin formed by the saponification. The small amount 
of soda added renders the soap less thin and smeary. 

Solution of potassium oleate for making mercuric oleate is prepared 
as follows: 

Potassium bicarbonate 75 Qxa, 

Oleic acid 210 Gm. 

Add the potassium carbonate gradually to 3,000 Co. of boUing wat^. 
When effervescence has ceased and the bicarbonate has been converted 
into normal carbonate of potassium, add the oleic acid, stir well, and 
continue heating the mixture gently, adding mtyre water if necessary, 
nntil saponification is complete. Then dilute the solution with enough 
water to make it measure 4 liters. 

Each liter of this solution represents (tO Qm. of potassium oleate. 
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SODIUH OLEATE. 
80DII OLEATUM. 

NaCuft,O,=304. 

To saponify 100 parts of tat requires aboat 14 parts of sodinra 
hydrate. The beet grades of white oaetile soap approach pare sodium 
oleate sufficiently for all practical purposeB in pharmacy. Other oleatee 
are conveniently prepared by double decompoBition from water-soluble 
metallic salts and a solution of castile soap. For this purpose Conti's 
brand of white castile soap, dried and powdered to avoid any consider- 
able variation in the percentage of moisture, should be used. 

A solation of sodium oleate may be made by stirring the powdered 
soap with four times its weight of water nutil a uniform transparent 
mixture results. Then twice as much more water is added, and the 
mixture heated until solution takes jdace, yielding a slightly turbid 
liquid when cooled, after which it may be diluted to the desired point. 
For preparing oleates by donble decomposition, a solution containing 
one avoirdupois ounce in each wine pint has been found to work well 

AirBIONin% OLEATE. 
AUMONZI OLEATUH. 

The ammonia liniment of the Pharmacopoeia is an imperfect soap 
formed by shaking together 12 parts of water of ammonia and 2S parte 
of cotton seed oiL Although a white emulsion-like mixture is at once 
obtained, the compounds formed are not penuanent. Qradnal changes 
take place, and the so called " liniment " becomes thicker and finally 
yellowish. "When the proportionB are changed to 12 parts of ammonia 
water and 40 parts of cotton seed oil, the product has a more uniform 
creamy consistence, containing in that case much more nncombined oil, 
which prevents the thickening of the liniment. Whatever the pro- 
portions may be, all the oil used shonld be added at once in order to 
insure a uniform Uniment 

CALCIUH OLEATE. 

CAXCn OIiKATUU. 

' lime soap is formed in the preparation of "lime lioiment," which 

consiste of equal parts of lime-water and cotton seed oil well shaken 
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together, all of the oil being added to the lime-water at onee. An 
imperfect naponiiicatioii takes place. The liniment in a creamy, light 
yellowi^ mixture. 



ZINC OUBATE.- 
ZHTCI OLEATtJU. 

Zn(C,^OJ,= 026.9. 

Zino acetate 60 Gm. 

White oastile soap, in powder IBO Gm. 

Dissolve the acetate in 4,000 C.c. of cold water, and the soap in 
2,000 0.0. of hot water. Add the solution of sodium oleate, when cold, 
to the RolutioQ of zinc acetate, atirring briskly. Drain the precipitated 
zinc oleate on a moslin strainer, and wash it seTeral times with cold 
water. l>ry it on paper or muslin, protecting it well from dmt, and 
without the aid of heat 

Reaction.— 2KaCisH„Oj+Zn(C,H,O^^Zn(C,aH„0,),-f2NBC,H,0, 

If otes. — Zinc sulphate ctmnot be used as adTODtaeeouslj as tlie acetate tor 
preparing zinc oleate, because the sodium BOlphate U difBcuU to wuh out from 
the pulverulent precipitate. The^ield Is attont 70 Qm. or more, and the product 
containB 12.90 per cent, of zinc oxide. 

Description.— A soft, white powder, having a soapy feel. 

Other zino Oleates, containing 5 or 10 per cent, of oxide, are 
made by dissolving oxide of zinc in oleic acid. The oxide is triturated 
with the acid in a mortar until they are well mixed; the mixture is set 
aside fur two hours, and is afterwards heated gently over a water-bath 
until perfect aolation has been effected. A soft, white, homogeneous 
ointment is formed. 

The oxide used should be free from iron; otherwise the product 
will have a reddish or yellowish tint. 



ALUMINIUM OLEATE. 
aluhznh oleatuu. 

Al,-(Ci^O,).= 1740. 

FotassB alum 60 Gm. 

White castUe soap, in fine powder 110 Gm. 

Itiseolve the alum in 3,600 C.c of water, and the soap in 1300 
C.C. of hot water. Four the cold soap solntion gradually into the alum 
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solntiom Warm the miztare xmtil the oleata separates. Decant the 
mother liquor, wash the oleate twice with hot water, asiiig 3,000 C.c 
ol water each time, and then collect the product. 

Eeaction. - 6N»C„H„0,4-K,Alj(SOJ,=AVC„HBO^+K^O^+8Ma,80.. 

NotdB. — To free tble tdeate from water it must ba melted in an evaporadng 
dieb by very gentle heat over the water-bath. 

The yield Is about 100 Om. or aligbtlj over that amooiit. 

Boft, white plaster, cont^nlng 5.86 



PEBBIC OLEATE. 

FEBBJt OLEATUU. 

Solution of normal ferric sulphate 90 O.a 

White oastile soap, in fine powder 150 Gm. 

Dilute the solution of ferric Bnlphat« with 5,000 C.c. of water, and 
disHolve the soap in 2,500 C.c of hot watra. Mix the solntiona. Wash 
the precipitated oleate twice with hot water, nsing abont ten liters eooll 
time, 

Boaction.— Fe^SO«),+6NaCuH„0,=Fa^C„H„OJ,-f-8Na,SO.. 

notes.— The yield ]h about 130 Om. 

Ferrous oleate can eito be made by double decomposltloti, from ferrons boI- 
pbate uid UMp, but the greenlali ferroas oleate soon oxidizes. 

DeBoriptloii.— Ferric oleate Is a dark red, soft plaster. 



LEAD OLEATE. 
FLUUBI OLEATUU. 

Pb(Cuft,OJ,=768.5. 

Ijead acetate 100 Gm. 

White castile soap, in fine powder 165 Gm. 

Dissolve the lead acetate in ten liters of water; if decidedly milky, 
add to it, gradnally, enough acetic acid to render the solDtion dear, 
being caref ol to avoid adding an excess of the acid. Diaeolve the soap 
in 2,500 C.c of hot water, and add this eolation slowly to that of the 
lead acetate. Boil the mixture, reject- the mother liquor, wash the 
predpitated oleate twice with boiling water, using ten liters each time. 
Separate the water from the product. 
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BflMdon.— Pb(CAOJ,+2N«CuH„0,^PI)(C„H„0^+aN«C^O, 
IfOtea.— Prepat^d In this manner the lead oleate U a hard, brittle, while 

plaster when cold. The yield is alxrat 160 Qm. This lead oleate is man ttard 

and brittle tl " ' 

Mid water. 

Ing 20 per 

obtained by 



COFFEB OLEATR 
OUFBI OLEATUK. 

Cn(C,^0,),= 825.2. 

Copper nilphate 60 Om. 

White castile soap, ic fine powder 150 Om. 

Dissolve the copper sulphate ia five liters of water, and the so^ in 
tiuee liters of hot water. Four the soap Bolution into that ot the copper 
snlphate, stirring well Wash the precipitated oleate twice, using ten 
liters of hot water oax^ time. Collect the dark green oleate, squeeze 
the water oat of it, and fuse it bj very gentle heat, over the water-bath. 

Beaotion.— Cn80.+8NaC„H„0,=Cn(C„H„OJ^4-Na^4. 



MEBCUBIC OLEATE. 

HYSRASGYBI OLEATUM. 

Hg<C,^O0,=762. 

Yellow mOTOurio oxide 80 Gtn. 

Nitric acid (1.42 Bp.gr.) 26 Gm. 

- Uolation of potassium oleate 1,500 C.c 

Mix the oxide, the acid, and 200 C.c. of distilled water, in a beaker or 
an evaporating dish, and heat the mixture until the oxide dissolves, 
adding a few drops moreof nitric acid, if necexeary. Dilate the solution 
of mercoric nitrate thus formed with three liters of water. Add 1,500 
Cfl. of solution of potassium oleate (prepared as described under that 
title). Warm the mixture and wash the separated mercuric oleate twice 
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witli warm distilled water, using about one liter each time. Sabject 
the oleate to a ]ow temperatore in a mortar, and then prees ont of it 
all the water by means of a pestle. 

Hoaotion.-Hg(N0^+aKC„H„0,=Hg(C^„O^+8KN0^ 

Notes.—Yellow mercnxic oxide la used in preference to red oxide of merciuy 
because the latter ie liable to contain b, little nitrate. This, however, would not 
sSect the result otherwise than to slightly diminish the total product, and to 
reader the solutioii of mercuric nitrate more acid. Mercnric clilorlde cannot be 
emplOTed In place of the nitrate, nor can sodium oleate be used instead of the 
potasdiom oieate, as the washing then becomes very difficult. 

The yield Is about 100 Gm. or a little more. The product Is a soft, yellow or 
reddish yellow solid, and contains 28.4 per cent of mercuric oxide. 

TTie official " Oleate of Mercury " (U. S. P.))i8 a liquid, being » solution of 1 
put of mercuric oxide InSpartaof olelcacid. This oleate is l>eat prepared at not 
over 40° C. (104° F.), the little lumps of oxide being Carefully broken down l^ 
rnbbing between two horn or wooden spatulas, two or three times ad8y,nnUl the 
oxide is perfectly dlssolTed, which requires two or three days. An oleate ContiUn- 
ing 20 per cent, of oxide may be made in the same manner, using only 4 parts of 
ol5c acid for each part of oiide ; but the complete solunon of the oifde will 
then require about a week or ten days. 

Mercuric oleate is very sensiliTe to heat, decomposing with the separation of 
finely divided, dark colored, metallic mercnry. Precipitated oleate of mercury 
containing no free oleicacldkeepsbetterthaneoluUons of mercuric oleate in free 
oleic acid, and the seml-solld "30 per cent oleate" keepa better than the liquid 
" 10 per cent, oleate " (containing 10 per cent: of oxld*). 



SILVER OLEATE. 

ABOEHTI OI.BATI7M. 

AgC,^0,= 388.7. 

Crystallized silver nitrate 25 Gm. 

"Wbite castile Boap, in fine powder 45 Gm, 

rHssolve the eUyer nitrate in 1,500 Co. of cold distilled water, and 
the soap in 5()4) C.c. of hot water. Add the soap solution very slowly 
and with brisk stirring to the silver solution. Collect the oleate, drain 
it, and wash it several times with cold distilled water. Dry it without 
the aid of heat, protecting it from expcmiire to light or dust 

Heaction.— AgNO,+NaCi,n„Oi=AgCisH„Oj+NaNOs. 

B'otfia.—^ilver oleate la very Bensltdve to light, heat, and contact with dust, 
impure ^r, etc. When first formed it is nearly white, but cannot be kept Bo 
it is prepared at night or in a dark room. Decomposition may b '- 
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BISMTTTH OLEATE. 

BIBMTTTHI OIiEATUM. 

Bi(C,^0,),= l()DO.r.. 

Noimal biamaih nitrate 20 Gm. 

White caBtile soap, in fine powder 32 Qm. 

Put the crystals of normal nitrate of bismath into a mortar, {wwder 
the salt, and then add, all at once, 1(K) C.c. of glycerin ; stir oocasioa- 
ally, avoiding friction or pre^sore, until the nitrate is dissolved, which 
will be accomplished in a few hours. Dissolve the soap in 1,5IKI C.c. of 
water, and then add slowly the solution of nitrate of bismuth. Warm 
the mixtore, reject the watery mother liquor, and wash the oleate twice 
with warm distilled water. 

Beaotion.— Bi(NO,),+8NaC„HaO,=Bi(CuH„0,),+SNaNO,. . 



CHAPTER XXIV. 



OXALATES. 

The oxalates arc of little importance except the ammonium oxalate^ 
which is used bs a reagent for calcium salts, and for other purposes in 
analytical chemistry-. Those of cerium and iron are insoluble ; the 
Isolates of potassium and ammonium are soluble, and are prepared by 
nentralizing the acid vrith the carbonates. or hydrates. 
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OXAUC Acn). 

ACTDUH OZAUCUH. 

H,C,0..2H,0--126. 
Oxalic aoid occniB in many plants in ihe form of oxalates of caltriiun 
aod potassituu. It Ib, however, manufactured by heating sugar, staroh, 
gam, eaw-dust, or other organic matters with nitrio acid, or with alkali 
hydrates. The most oommou process of manufacture consists in heating 
a pasty mixture of saw-duBt and solution of soda and potassa at 201°.5 
C. (400° F.) for an hour or two. The dried mass contains 28 to 30 per 
cent, of oxalic acid as oxalates; by washing with sodium carbonatesoln- 
ticm, the potassium oxalate is decomposed, leaving all of the oxalio acid 
in the form of sodium oxalate, the potassium carbonate being removed. 
The sodium oxalate is then treated with calcium hydrate, whereby cal- 
cium oxalate and sodium hydrate are produced. The calcium oxalate 
is then decomposed by sulpboric acid, and the oxalic acid purified by 
re-cryBtallization. The yield of oxalic acid equals aboutone-halfoftbe 
weight of the saw-dust used. 

Deaoriptiaii. — Prisms, readllj soluble in water aiidal(M>tiol, It hass strong 
acid taste, and la a powerful poison In large dosea. The crjatals lose water over 
Kulphuric acid, becomlae anhydroui. 

Heated alone or with strong sulpharic acid decompodUon takes place, water, 
carbon monoxide aod dioxide being formed. 

Testa.^The crfstals shotild be clear wliite, should be completely soluble tn 
water, and should leave no residue on platinum when strongly taeatea. Addition 
of excess of ammonia water to the aqueoos solution should not produce turbidity. 
The quantitative determination of oxalio acid with solutionofpotasdum perman- 
ganate is j^ven later. 



NOBUAL POTASSnmi OXAI.ATE. 

FOTASSn OXAIuLS. 

K,CjO..2H5O=202. 

Oxalio acid 126 Gm. 

Potassium bicarbonate 200 Om. 

Distilled water 1,000 C.c 

Dissolve the oxalic acid in the water by the aid of heat; then add 
the potassium bicarbonate. Neutralize perfectly. Evaporate and crys- 
tallize. 

Heaotion.— 2KHCO,+H,C,0,=K,C,0,-t-8CO,-|-2H,0. 
SesoriptlOQ.— Transparent prisms or pyramids, easily soluble In water. 
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ACID POTASSIUH OXAI^TE. 
FOTASSU BINOXALAB. 

KHC,0..2H.O=162. 

Oialio acid 126 Qm. 

Fotassimn bicarbonate 100 Qm. 

DiBtilled water 1,000 C.c 

Pisaolve tihe potassium bicarboiuite in the water hy the aid of heat, 
boiling the liquid ontil effervescence ceases; then add the oxalic acid, 
dissolve, filter while hot, and set aside to cx)ol and orj'stallize. 

HoaotionB.— 2KHCO,= K,CO,+COj+H.O: then. 

KjCO,+2H,C,0,=3KHC,0,+CO,+H,0. 

n'otea.— Tbe acid poUaaium oxalate occure nftturallj in Mveral pUnt jnlceo, 
as in Barrel, wood-Borrel, etc. 

Desoriptloii. — Ocean nsQKlly as onhydroiu prlems or ciyBtalUzed with 
one or two molecules of water. The salt utittes nlth oxalic acid to form th« 
quadroxalate. 

It Is not readily soluble In cold water. 



AKEHONIUM OXALATE. 
AHUONII OXALAS. 

(NH,),C,0,.H,0=I42. 

Oxalic acid 100 Gm. 

BoUiiig distilled water 800 C.c. 

Ammonium carbonate, Rufflcient. 

I>i8Solve the acid in the water, neutralize with ammoniam carbonate, 
raising the temperature, at the end of the neutralization, to the boUiug 
point; filter while hot, and set aside to cool and crystallize. 

Eeactlon.— 2(Nn,HCOrNn<Nn-CO,)+8H,C,0,= 

8(NH^C,04-f400,+aH,0. 

Hotea.— About ISO Gm. of ammoDiam carbonate will be required. Instead 
of this 280 O.c ot ammonia wat«T(10per cent) maf be need. The soluttoti shoold 
be rendered exactly neatrol to testpaper, filtered while hot, and set aside to cool 
slowly. When the solution is dilute and the cooling and cirstallizatloD alow, 
very handsome needle-shaped crystals may be obtained. By evaporating the 
mother liquor and again CTyBtallizing, addlUonal crops of the salt are recovered. 

Descrlptioii. — This salt cryRtallizes )n rhombic prisms, ea^y soluble in 
water without turbidl^. The solid slionld volaUUze completely on platinum. 
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oebiuu oxalate. 

oebu oxalas. 



C^(Ci,O,),9H.O=707. 
SUicate of cerinm exists in the minerals cerite and allanite. Fix>m 
these minerals the cerimn oxalate is prepared by a eomewhst oompli- 
oated process. 



Tests.— Sboald yield Dothing to water, ehould not effervesce witliaclda. The 
solatlon In bydrocbloric acid tunst not be colored by bydtogen snlpblde. 



FEBBOns OXALATR 

FSRBI OXAIiA^. 

FeC3,0^0=162. 

Ferroos snlphate 200 Gm. 

Oxalic acid 150 Qm. 

Ammonia water SOD C.c. 

DisBoIve the oxalic acid in the ammonia water diluted with 2,000 
C.c. of water; and the ferrons sulphate in 8, (XX) C.c of hot water; 
filter the solntiona, and then mix them. Wash the precipitate by 
decantation and afterwards on a filter until the washings are tasteless. 
Dry the product between bibnloos paper, with the aid of gentle heat 

Beaotion.-FeSO,-HNH^)jC,0j=P8C,O.+(N-H.>,80,. 

Notes.— Ferrous oxftlste can alao be mtide by the process offlcini in tbe 
U. S. P. of 1870, wblcb prescribed 2 troyouuces of ferrous sulphate dissolved in 
80 tiuidounces of waterto be added to a solution of436 grains of oxalic acid la IS 
flnidouQCf^ of water. When this process is followed ferrous oxalate and free 
anlph uric acid areformed.the precipitate separatee slowly, aud a considerable loss 
reeultH from the fact that the oxalate is not insoluble la the sulphuric acid. 
Horeorer, the proportions are Incorrect, as 170 parts of ferrous sulphate require 
136 parts of oxalic acid. By neutralizing nearly all of the oxalic acid with 
ammonia, using a slight excess of oxalic acid, and mixing the solution of ferrous 
sulphate with £e add solutionof ammonium oxalate, the precipitate falls at once, 
and no loas of product is sustained. It a perfectly neutnu solution of ammonlnm 
oxalate is used, tbe product will have a dull reddish yellow color, from ferric 
hydrate. 

To obtain a brieht yellow ferrons oxalate the mother liquor In which the 
precipitate is formed most be decidedly acid. 

Soscription.— A yellow powder as above, partially Insoluble In water, but 
aolnble In acid. 



. Is permanent in the ^r at ordlnan- temperatures, but decompoees, when 
healed to ISS" C, with loss of its water ol: crystaUlzation. 
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TABTRA.TEa 



All here described are soluble, bat the bitartrates of potassium aod 
sodium are soluble to bat a very limited extent. The bitartrates have 
the property of dissolving ferrio hydrate, forming soluble compounds. 



TABTARIC ACID. 

ACXDTTH TABTARICUK. 

HjC.H,O.= 150. 

Tartaric acid occurs in grapes and in other fruits, in the form of 
acid potassium tartrate, from which it is maaufaotnred. 

The following formula, based on Scheele's process, is taken from the 
British Pharmacopceia: 

Fotassium bitartrate 900 CJm. 

Prepared chalk 250 Gm. 

Calcium chloride 270 Gm. 

Sulphoric acid 260 C c. 

Distilled wr.tor, sufficient. 

Boil the potassium bitartrate with 0,500 C.c- of water, and graduaUy 
add the chalk, stirring constantly. When effervescence has ceased, add 
the calcium chloride dissolved in 800 C.c. of water. W'hen the calcium 
tartrate has subsided, decant the liquid, and wash tiie tartrate with 
water until tasteless. Poor the sulphuric acid, previously diluted with 
1,200 C.c. of water, on the calcium tartrate, mix thOToughly, boil for half 
an boor with repeated stirring, and filter through muslin. Evaporate 
the filtrate at a low temperature until it acqaires the 8i>ecific gravity 
1.21, let it cool, and then separate and reject the crystals of calcium 
sulphate formed. Again evaporate the clear liquid until a pellicle forms, 
and then set aside to cool and crystallize. Lastly, purify the product 
by re-crystallization. 

Beaotion. — 2KHC,H.O,+C«CO,=CaC,H,0,+K5C,H^O,+CO,+H,Oi and 
K,C,H,0,+CaCl,=CaC.H.0,+2KClj finaUy, CaC,H,0,+H,8O,=HX,H,O,-i- 
CaSOr 

ITateB.^rsrtaric scld cryatalllzea best from, a solution cuntaintng a Binall 
amount of free Bulphuric acid. Calcium bjdrat? can be used instead of caJclam 
carbonate. 

Description. — ColorleBa oblique rhombic prisma, having a sharp but pleasant 
acid taste. Thej are readily soluble la water aod alcohol, and slightly soluble 
Id ether. The crystals are anbydrouB and not deltqueacent. 
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T^rts.— The puK crjvtala moat give ft perfectly cleu BolndoD with water 
■nd with three paita of alcobol. The aqueona solution mnatnotbeprecipltatedOT 
colored by hvdrogen anlphlde ot ammoninm oxalate. 

The BoUa must burn on platinum when strong) j heated, leaving no residue. 

Satarsting power.— 100 parts of tartaiic acid neutralize: 

Potassium hydrate, 74.66 parts ~| -v^i.iJi^^ iRnan „,.*. r 

Potassium owbonate. 92 part* I i^i^-^r,?.^ 

Potassium blcarbonaw, 133.88 parts f potassium tarteate. 

Sodium hydrate, B9. S3 parts 1 v-i„mi„~ imoo ™-«. ..r 

Sodium cirbonaW, 100.66 parts L ^?.i ^^J™^ 

Sodium bicarbonate, 112 pSrtfl f aodinm tartrate. 

Ammonia water (10 per cent), 236.67 parts '\ 

Ammonia water, atronger (28 per cent), 80.05 I Yielding 122.67 parts of 

pans r ammoninm tartrate. 

Ammonium carbonate, 69.78 parts J 



POTASSIUU TARTRATE. 
POTASSn TABTBA8. 



Put the bicarbonate ia a disli with about 1,200 G.c of distilled 
vater; heat tmtil efferresceace ceases; keep the solatiou hot and grad- 
nalljr add the potassinm bitartrate iintil all is dissolved. Neutralize the 
liquid, or render it very slightly alkaline by potasBinm oaibonate. 
Filter, evaporate tintil a pellit^e forms, and set aside to crystallize; or 
evaporate to dryness, vrith coostaat stirring. 

wtasalum bicarbonate ia heated until converted into 
■,:^K,CO,+CO,+ILO; then, 

aKH0.HiO,+K,CO,=2K,C,n,0,+H,0+C0,. 

ITotes.— In place of 260 Qm. of bicarbonHte, 200 Gm. of carbonate of potas- 
sium may be uaed. The solution must be neutralised by adding more of either 
the bicarbonate or the bitartrate as may be required. The theoretical propor- 
tlona are 100 parts of potassium bicarbonate to 1B8 parts of potaasium bitartrate; 
but it is preferable to use a small excess of bitartrate and to carefully add just 
enough potassium carbonate at the end to produce a faintly allialine reaction. 
The presence of carbonic acid in the liquid should not be allowed to mislead the 



Xrator; the litmus paper should be used after the carbonic acid has be<'n driven 
by heat. Larger crystals are obtained if the solution la slightly aliialiDe. The 
concentration of the solution must not be carried too far, because the salt may 



then become discolored (by a partial decomposition of the tartaric acid?). The 
last mother liquor Is usually quite colored, and the potassium tartrate contdued 
lnltls,therefote,advantageondy converted into bitartiate by HCl, the precipi- 
tate being washed and dried. 

DOBOriptioii. — Monocllnic priams, soluble In water very readily, but nearly 
Insoluble in cold alcohoL Treated with acetic acid the aqneotia solution throwa 
down a white precipitate of bitarti-ate. 
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TsstB.— The solution In water must be perfectly clear. This, acidified with 
hydrochltvic acid, must not be colored or precipitated bj hydrogen snlphide or 
Mrlum chloride. When the ciystals are heated to redneaa they are completely 
decomposed, leavlnE a residue of E,CO| for each molecule of the salt. Thfa 
residue can be tested by means of standam solation of acid, as described later. 



POTASSIUM BITABTSATE. 
POTASSII BITABTBAS. 

In the manniaotnre of wine a large amonnt of impure potassiain 
bitaitrate is deposited from the grape juice during Uie second fermea- 
tation, the salt being thrown out of solution by the alcohol formed. 
Thick cmstfl are formed in the vats, over the bottom and sides. The 
bitaitrate fonn^ on the bottom contains more calcitum salt than 
thaton the eidefl. The "argols" or "crude tartar" must be pow- 
dered, redissolved in boiling water, freed from coloring matter by the 
addition of clay, which carries it down in settling. The solution is 
then clarified with albumen, strained, and allowed to deposit crystals. 
"Hie crystals forming on tbe sides are again less impure than those on 
the bottom. Their relative freedom from calcium salt is indicated by 
their clearness or opacity, the milky opaque crystals being more contam- 
inated with calcium tartrate. 

Thia purified argols or refined tartar is further purified by reducing 
it to fine powder and digesting this with pure hydrochloric acid diluted 
witli distilled water. The calcium tartrate is then decomposed by the 
bydrochlorio acid, fonniug calcium chloride and free tartaric acid, both 
of which are washed out. The mixture is now allowed to cool, so that 
most of the potassium bitartrate dissolved in the water may deposit 
again, after which the "creamof tartar" is washed with cold water until 
the washings cease to give any reaction for chlorides, and then dried. 
A small percentage of bitartrate is lost by solution in the water with 
which it is treated. 

DesoriptiOD. — Colorless anhydrous crystals, slightly soluble In cold water, 
but much more readily In warm, insoluble In strong alcohol. From the atrong 
aqueous solution made by heat, crystals separate on cooling as a fine powder. By 
the process now employed in the United States few BubstaiiceB are made of such 
rematkable purity as " cream of tartar." 

Tests.— The crystals mast dlasolTe completely in 15 to 30 parts of boiling 
water. 3 Om. of the salt dissolved by boiling In 100 Cc. of water most require 
for nentrallzation 81.0 Cc. of ^ NaOH solution, showing 99 per cent, of the pure 
acid tartrate. 
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ROCHlXIiE SALT. 

POTAS8U ET SOmi TABTBAS. 

KNaC.H,0,.-tH,0= 28'2. 

Potassitim bitartrate 5 parte. 

Sodium carbonate 4 parta 

Distilled -water 20 parts. 

Heat the water to boiling in a porcelain dish; add the soditim oar- 
boDAte, and trbeii tiiat is dissolved, gradually add the cream of tartar, 
and oontinne heating until all is dissolved. Set the solation aside for 
a dajr or two. Then filter, evaporate the filtrate to nine parts, or until 
a pellicle forms, and then set it aside to crystallize. 

Beaotion.— 3KHC,H,0,+NB,CO3=2KM"aC.H,O,+H,O+CO,. 

Hotea.— A Bllgbt excess of aodiam carbonate Is prescribed, because the salt 
c>7stellizeB best from a slightly alkaline solntlnn. Aay exceas of sodium carbonate 
will remain In the mother liquor. Laree crystals are eodly obtained. The 
crystals should be hastily ringed with a little cold distilled water. The mother 
liquor is nsuBlly colored, more so the farther the evaporation is carried. (See 
also, Potassium Tartrate.) 

The direcUon to allow the solution to stand some time before fllteHng and 
evaporadng to crystallization, has for Its object the deposition of any csJcium 
tartrate present. 

The crystals must be iiied without tbe aid of heat 

Desoription. — Large clear prisms or floe white powder, very readily soluble 
in water, hut insoluble nearly In alcohoL 

Tests.— The crystals most give a clear solution with ten psits of water, 
'nili muM be uentnl in raacdoD, and not acted upon by ammonium oxalate cv 
ammonium sulphide. 



SODItm: TARTRATE. 

SODH TABTBAS. 

NajC.Hp,2HjO=28a 

Tartaric acid 10 parta 

Sodiom carbonate 19 parts. 

Dissolve the acid in 60 parts of distiUed water over a water-bath; 
add the sodinia carbonate gradually to the hot liquid, so aa to render it 
Dentralor slightly alkaline to test- paper after the carbonic acid has been 
expelled by heat. Filter, evaporate, and crystallize. 

Beaotion.— Na,CO,+H,C,H.O,=Na,C,H,0,+CO,-fHjO. 
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SODiniE BITABTRATE, 

SODn BITABTBAS. 

NaHC,H,OrH,O=190. 

Tartario add 20 parts. 

Sodium osrbonate 19 parts. 

Dissolve one-half of the acid in 50 parts of distilled water, neutralize 
-with the sodium carbonate, and filter. Dissolve the other halt of the 
tartaric scid in 50 parts of dietiUed ifreter and filter. Mix the two 
liquids. Bet the mixture aside in a cool place for a day or two ; then 
collect and dry the precipitated oryatalline salt 



MAGNESITTU: TABTBATE. 

MAQITEBn TABTBAB. 

a^^.O,= 172. 

Tartaric acid , 10 parts. 

Mt^esinm carbonate 6 parts. 

BiseolTe the acid in 20 parts of distilled -(rater, keep the boIuUoq 
hot over a water-bath, and add gradually the magnesium carbonate 
until a neutral salt is obtained. Evaporate to dryness, and powder the 



iDescriptioc. — A while powder, whiiJi Is dlfflcultlj water soluble. 



TABTBATE OF IRON AND POTASSIUU. 

FEBXU ET POTASSn TABTBAa 

Solution of normal ferric sulphate 12 part& 

Fotassinm bitartrate 4 parts. 

Distilled water 82 parts. 

Ammonia water, suMcient. 
Mix 10 parts of ammonia water with 20 parts of cold water; add 
gradually, and with constant stirring, the solution of tersulphate of iron, 
previously diluted with 100 parte of cold water. Pour the mixture on 
a wet muslin strainer, allow the magma to drain, and then return it 
to the precipitating vessel and mix it well with 100 parts of cold water. 
Drain it again on the strainer, aud repeat this operation once or twioe^ 
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as may be Decesaary, antil the washings produce bat a slight cloudiness 
with teet solution of bariun) chloride. Let the magma be well drained. 
Add it in small portions at a time to a mixture of the distilled water and 
Uie potassium bitartrate, heated over a water-bath at not over 60° G. 
(140° F.), stirring constantly until all the ferric hydrate has been added 
and dissolved. Filter while hot and set the filtrate aside in a cool, dark 
place for twenty -four hours; then stir it well with a porcelain or glass 
stirrer until any precipitate which may have formed in the liquid 
is evenly distributed through it. Then cautiously add just enough 
ammonia water to dissolve this precipitate, filter, and evaporate the solu- 
tion in a porcelain dish to the consistence of thick syrup, and spread it 
on glass plates to dry in scales. 

Keep the product in well corked amber bottles, in a dark place. 

BeaotiOIL — Penlc hydrate !s first prepared from the ferric sulphate: 

Fe^SO0»+«NH,OH = Fe^OH)«-f 8(K H,)j80,. 
Fanic hydrate la then diBsolved by the potauium taitrale, forming several 
double salts, one of which ie perhaps: 

6KHC,H,0,-f F^OH)»=K,Fe^C,H,0^4-8H ,0. 
while another ia probably made In this iray: 

3KHC.H,0,-fFej(OH),=2K(FeO)C,H»0,-+4H,0. 

Notes. — Whether prepared from eolation of tereulphate of Iron or from 
solution of chloride of iron, tiie ferric hydrate must be carefully precipitated, from 
cold dilute Bolutloiis, and well washed. When made from chloride it is more 
readily washed clean. The hydrate does not dissolve rapidly In the liquid, or the 
aolnble tartrate of Iron and potassium Is but slowly formed from the ferric 
hydrate and the potaa^um bitartrate. Several hours are required to complete the 
Mention. In view of the fact that ferric hydrate is eo liable to become basic and 
insoluble when subjected to heat. It Is best to add the ferric hydrate la portlona, 
to legnlate the heat carefnlly, and to stir constantly. The snccesB of the whole 
process depends to a great extent upon the character of the ferric hydrate and upon 
the precandouB described in the foregoioK- The adtUUmi of ammonia Is Intended 
to render the prodnctreadllywater solublewithoutreeidae. The Pharmacopceia 
iloea not direct that the solution should be filtered, but this is necessary to obtain 
a good product 

Desoriptiotl. — Transparent red scales, soluble in water, but not in alcohoL 
The solution in water is not precipitated by ammonium hydrate. It is predpi- 
taied when heated with solutions of potasdunr "" — >—'—-- 

The salt Is decomposed bv her' ' 
eServeacea with acids. 



TABTBATE OF IRON AND AUMOJUTUVL 
FSRBI ET AHMONn TABTBAS. 

2(FeO)NH,C,H,0,r5HjO = 566. 

Solution of normal ferric sulphate 90 parts. 

Tartaric acid 60 parte. 

Ammonia water 72 parts. 

Ammonium carbonate, distilled water, each sufficient. 
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Mix the snunoma water witii 180 parte ot Qold water; add gradu- 
ally, and with constant stiniDg, the solution of teisnlphate of iron 
previoualy diluted with 900 parte ot oold water. 

Pour the mixture on a wetted mnsUn strainer, allow the magma to 
drain, and then rettim it te the precipitating vessel and mix it well 
with 1,000 parts of cold water. Drain it again on the strainer, and 
repeat the operation once, or ottener, nntU tiie washings ooljr give a 
slight cloudiness with barium chloride solution. Then allow it to drain 
thoronghly. Dissolve one- half of the tartaric acid in 130 parte of dis- 
tilled water, nentralize the acid exactly with ammonium carbonate, then 
add the remainder of the tartaric acid, and dissolve it b; the aid of 
heat. Keep the solntion of ammonium bitartrate hot, but not above 
60° C (140° F.), over a water-bath, and add to it, with constant stir- 
ring, the feme hydrate, in small portions at a time, until no more will 
disBolve. Filter the solntion, evaporate it at not over 60° U. to the con- 
sistence of symp, and spread it on glass plates to dry in scales. 

Keep the product in amber.colored bottles, tightly corked, and put 
in a cool, dark place. 

n'otes.^The remnrks under T&rtrate of Iron and Potassium apply In ft gen- 
eral way to this procesn as wall. The ammonium bitartrate is NHiHC^HX),, by 
which the ferric hydrate Is dissolved in a manner analogous to the solution effected 
by digesting the hydrate with potassium bitartrate In making tlie tartrate of iron 
and potaasium. 



1 hydrate, ammonia is given off and 



TARTRATE OF ANTIMONT AND POTASanJllL 

ANTIUOHII ET FOTASBU TABTBAB. 

2KSbOC,H.O^H,0= 664. 

Oxide of antimony 4 parte. 

Potassimn bitartrate 5 parts. 

Water 50 ports. 

Mil the oxide and the cream of tartar with enoogh water to form 
a paste, and set this aside for twenty-four hoars. Then add the 
remainder of the water and boil the mixture in a porcelain capsule for 
fifteen minutes, stirring frequently, and replacing the water lost by evap- 
oration. Filter while hot, evaporate the filtrate to 30 parts, and set it 
aside to crystaUizeu Wash the crystals with a little cold water, and. 
tlien dry them between filter paper. 
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-2EHC.H,O.-fSb,Oj=2K:(SbO)C,H,0,-fH,0. 

NotaB.— A Blight «xc«a8 of antlmotiioDs oxide is used, Irattemaina oodlB- 
Bolved aod is filtered away. To obtaia the salt in minute crTBtols the solution 
obtained hy the above formula may be evaporated down to 27 parts aod thnn 
shaken In a bottle unlil cold, when the greater part of thesaltwill separate. The 
mother liquor will yield more crystals, but after two or three crystallizations it 
becomes quite colored, as is the case in making several other tartrates. 

Desoriptioii.— Small transparent crystals or white powder, soluble in c<rid, 
mnch more readily la boiling water, but inaoiubie in RJcohol. The solution Id 
hydrochloric acid is precipitated orange red by hydrogen sulphide. In contact 
with nascent hydrogen the salt should not liberate even traces of hydrogen arse- 
nide, the reacooDS for which are given later. 



BOBO-TABTRATB OP POTASSHTBI. 

FOTASSn BOBO-TABTBAB 

PotaBsinm bitArtrste i parts. 

Bono acid 1 part. 

Boiling water 10 parte. 

Heat together with oonstant stirring ontil dissolved. Filter, and 
evaporate to dryness. 
Powder the residue. 

DesoriptiOQ.— A white powder having an agreeable acidulous taste. It is 
not deliquescent. Soluble in twice Its waignt of water; insoluble in alcohol. 



BORAX TAHTAB. 
TABTABITS BOBAXATUB. 

IBOBO-TABTBATX OV FOTASSHTM AND BODtUlL] 

Borax, in powder 2 parts. 

Potaseinm bitartrate 6 parts. 

BoUing water 20 parte. 

Pat the salts in the water; contained in a porcelaia dish, and stir 
unto all is dissolved. Filter, Evaporate the solution until a thread of 
the send-liquid residue becomes brittle on cooling. Then poll it into 
sticks, or flatten it out in thin cakes, and dry it by the aid of heat 
Powder the product in a warm mortar, and keep it in tightly closed 
bottles. 

KotdB.— In some Pharmacopcelss the proportions are I part of borax to 2 
parts ot cream of tartar. There is undoubtedly a chemical union of some kind 
between the two salts, but the product is not a definite chemical compound. 
However, when 1 part of borax and 3 parts of potassium bitartrate are combined, 
a d<Hible salt is formed having the composidon (according to Duve) 

-r. , .-JJC ' 



KNaC,H^BO)0,+KHC. HjCB0)O,. 
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It is sometimeedlrected that the creamoftoitfir should be added gndatllrto 
the borax previously dlRSolved in the water. This U not only unnecessary, out 
delays tbe operHtion coDEiderably. If bothealta are added at once the solution of 
both la far morerapld than the solutiou of borax alone would be. Constant stir- 
ring is, however, neceseary, because otherwiBe the borax on the bottom of the dish 
cakes together and afterwards diaaolves rather slowly. 

Water-bath heatisinsufflcient for evaporating the solution to dryness; steam- 
heat and constant stirriug must be employed. HaviDe evaporated tbe aoliition to 
dryness we have a yellowish gummy reaidne, which on cooling has a glassy 
fracture. This Is then dried In thin cakes or threads at 70° C. (158° F.); it Is 
sufficiently dry when white and porous. 

To powder the product flne is both difficult and disadvantageous; it should 
only be reduced to a very coarse powder, in a warm tnortar, and Uien at once put 
into warm, dry bottles which jsnat be tightly corked. 



CHAPTER XXV. 



CITRATES. 

The citrates ore generally soluble nalts. Many iron compoanda 
which are not water Bolable dissolve in aqneoos solutions of alkali 
citrates. Bismnth citrate is insoluble in water, but soluble in a 
water. 



CITRIC ACID. 
ACEDTTM CH-BICUBL 

H,C^O,.HjO=210. 
Contained in Tarions plant juices, especially of lemons, limes, and car- 
rants. The juice is allowed to ferment enough to decompose the sugar. 
Then follows clarification with albumen, after which the juice is treated 
with prepared dialk, and the calcium citrate decomposed with snlphiirio 
acid. 
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The British PharmscoptBia givea the following working formula: 

Lemon juice 800 C.c 

Prepared chalk 45 Gm. 

Sulphuric acid 25 Co. 

Heat the lemon juice to the boiling point, and jpadually add the 
chalk until it no longer causes effervescence. Collect the deposit on a 
moelia strainer and wash it with hot water till the filtered liquid passes 
colorless. Mix the deposited calcium citrate with 200 C.c. of water, and 
gradnallf add the Bulphuric acid previously- diluted with 300 Co. of 
water. Boil gently for half an hour, keeping the mixture constantly 
stirred. Separate the acid Bolntion by filtration, wash the insoluble 
matter with a little distilled water, and add the washings to the solution. 
Concentrate this solatioD to the density of 1.21, then allow it to cool, 
and after twenty-four hours decant the liquor from the crystals of cal- 
cium sulphate which have formed, continue the eraporation of the 
Bolutioa until a pellicle forms, and then set aside to cool and crystal- 
liza If necessary, purify the acid by recrystallization. 

Beaotloil.— The free citfic at^id in the lemon jnlce Is neutralized by the 
calclam carbonate, whereby caldnm citrate Ib formed: 

3H,C,H,0,.H,0+8CaCO,=Ca^C,HsO,>,-l-8CO,-HH,0. 
Wben the calclumcttrste is treated with sulphuric acid, tbe following reaction 

Ca^G,H(0,),+3H,8O,=2H,C,H,Or|-8C88O,. 

Notes. — A email amount of acid calcium citrate always remains In the liquid 
after the treatment with chalk. This acid salt prevents the precipitation of 
colotlng matt«r, and after the removal of the neutral calcium citrate, the add 
citrate can be decomposed by milk of lime, yielding neutral citrate. 

The precipitated calcium citrate is washed with warm water undl the washlnes 
are nearly colorless. After cooling, It Is decomposed hy Bulphuric acid added in 
excess to prevent the formation of acid citrate, which would prevent ciystalll^- 
tlonof the citric acid. Thecalcium sulphate lawashpdand then thrown away; 
but the last of the calcium sulphate does not separate until the solution has 
been evaporated down to 1.31 ep. gr. The final evaporation to cr^tallizatloa 
must not bo carried too far, as the free snlpburic acid present would tken blacken 
the tffodnct when saflllclentiy concentrated to decomnoae the citric acid. 

Kecrystalllzadon is necessaiy to render the crystals colorless and pure, Some- 
Umea the soluUon must be decolorized by tmtmal charcoal. 

Sesoriptloil. — Clear rhombic prisms, which are permanent in dry air, but 
which lose water by elevation of temperature, and at a high heat, above 1B0° C, 



decompose, Rivinfc ofl empyreumatlc vapors. The ciystols have a pleasant acid 
■ are readUy m' '^ ' ' - ■ ■ ■ 



taite, and are readUy solnhle in water and alcohol. 



Tests. — The solution in wat«r should be perfectly clear. 

An acid not ^rfectly soluble should be dissolved with addition of hydro- 
chloric acid. ThissoluUon can be used for detection of lead or copper by addition 
of hydrogen sulphide, or of iron by means of potassium ferrocyanlde. Caidum 
Is best detected as oxalate In the BoIutioD flrst made neutral by anunonia water, 
and then acid by acetic acid, on additlou of ammonium oxalate. 

Sulphiiric acid Is detected in the solution by addition of barium chloride. 

The pure acid should leave no aah on Incineration. 

Tor nentrsllzatlon 1.76 Qm. requires BO C,c. of half normal sodium hydnte 
solution. 
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Satnrating power.— 100 parte of citric ftcld will utarote : 

PotBBsfum carbonate (81 per cent.), 121.69 parts 1 Yielding 154.29 parts at 

PotaBBinm bicarboiiat<>, 1423S part£ | tri-potassitim citrate. 

Bodimncarbonate(96perceiit.), S13.80parta__. 1 Yielding 118.57 parta of 

Sodlmn bicarbonatfl (98 per cent.), 131.21 parts | tri-9odium citrate. 

Ammoala water (10 per cent,), 242.86 parts... 1 

Ammonia water, atranger (28 per cent.), 8G.78 I Yielding 134.29 ^arts of 

parts f tri-ammonlQin citrate. 

minm carbonate, 74.18 parta j 



POTASSIUM CITRATE. 

FOTASSn CITBAS. 

K,C^O,.H,0=324. 

a bicarbonate ,' 10 parts. 

Citric acid 7 parts. 

Cmsli the citric acid and the bicarbonate, separately ; add the latter 
gradnally to 50 ports of boiling water, and when effervescence ceases 
add the citric acid, a Bmall portion at a time, tiutil the liquid is neutral 
to litmus paper, cr but faintly alkaline. Filter, and eTaporate to dry- 
ness, stirring constantly after a pellicle has commenced to form, so that 
the product may be a granular salt. 

BeactioiL— HjC,HjOr|-8KH0O,=K,C,H^tH,O+8COj+2H,O; 

or,2H,C,H(0,+8K,CO,=2K,C,H,Oj-|-8CO,+8H,0. 



alkaline taste. The salt Is (^liquescent, and Insoluble In absolute alcohol. 

The solution boUedwith a solution of calcium cliloride gives a precipitate of 
caJdum dtrate. 

Testa.— The reaction of the aqueous solutions should be slightly alkaline ; 
treated wltb dilute acida there should be no efiervesc«ncfl. 

The solution acidified with nitric acid Khonld not be precipitated by barium 
chloride or silver nitrate. 



SOLUTION OF POTASSIUH CITBATE. 
LIQirOB POTA8SU OITRATI8. 

Citric acid 6 parto. 

Potassium bicarbonate 8 parts. 

Dissolve each in 40 parts of cold water. Filter the solutions sepa- 
rately, and wash the filters with enough water to obtain, in each case, 
50 parts of filtrate. Mix the two solutions, and, when efferreseeQce has 
oeased, put the product in a bottle and cork it tightly. 
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Shoold be freshly prepared wheneyer required for use. 

Notes. — It !b Intended that cold 'wat«r should be used, and that the pre-. 

r'ation shonld retain in solution as much of the carbonic acid aa inaj be soluble 
that volume of the watery liquid. An excess of citric acid Is purpoaelj 
employed in order that the preparation may have a slightly acidulous taste. 



SOLUTION OF NORUAI. SODIUU CITBATE. 
LIQUOR SODn CmiATIS. 

Each Co. contains aboat 0.50 Ghn. of NajC.H^O,. 

Citrio acid 400 Qm. 

Sodium bicarboDate 486 Gm. 

Dissolve tbe sodium bicarbonate in 750 C.c. of distilled vater by the 
aid of heat, gradually add the citrio acid, and, when eServescence has 
ceased, bring the liquid to the boiling point If the solution is not 
neutral to litmus paper, add more sodium bicarboD&te (or citric acid, as 
. the case may reqoire) to produce a perfectly neutral reaction. Finally, 
add enough distilled water to make the vhole measure 1,080 C.c. 

To make solution of di-sodium-hydrogen citrate, containing 0.50 
Gm of Na^C^O, in each C.c. add 200 Gm. of citric acid to 1,080 
C.c. of the alx>Te solution, and finally add enough distilled water to make 
the -whole product measure 1,480 C.c. 

TJsed in making certain scale salts of iron. 

LITHIUM CITRATE. 

UTHII CITOAS. 

Li,C,HjO,^210. 

Ijithitim oarbonate 10 Gm. 

Citric acid 19 Gm. 

Water 200 C.c. 

Dissolve, filter, and evaporate to granulation. 
Beaction.— 3Li,CO,+aHjC,HjO,=2Li3C,HjO,+3H,0+3C(>,. 



SOLUTION OF NOEMAL AMHONIUM C3ITRATE. 

LIQTJOS AMMOITII CITBATIS. 

Each C.c contains about 0.50 Gm. of (NHJ,C,HjO,. 

Citrio acid 500 Gm. 

Stronger water of ammonia 430 C.a 
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204 BYNTHETICAL CHEMISTRY. 

Dissolve the acid in the ffmiifimn'ft -wster. Neutralize perfectly hy 
adding as much ammonia water as may be necessary. Then add enongh 

distilled water to make Uie whole measure 1,250 C.c. 

To make solution of di-ammonium-hydrogen citrate add 250 Gm. 
of citric acid to 1,250 C.c of the above solntioa and enongh distilled 
water to make the whole measure 1,800 C.c 

tTsed In preparing certain scale salts of Iron. Soiutlon of citrate of ammo- 
olum also has the remarkable property of dUsotving or preventlnK piecipltatee 
in many prepuaclons cont^nttig iron salts, as in wine of uef and iron, eUztt of 
phoeplutte ol Iron, qntolQe and etrjchnlne, etc. 



UAONESIUH CITBATE. 

MAONESn CITUAS. 

Mg.(OAO,V»l. 

In the Swedish Pharmacopceia occurs a magnesium citrate of the 
{onnula indicated, but mixed with an excess of citric acid amounting to 
about 9 per cent. It is prepared as follows: 

M^ueeium carbonate, in powder, 5 parta 

Citric acid, in fine powder 8 parts. 

Alcohol 12 parts. 

Mix the magnesium carbonate and acid intimately by trituration in 
a mortar, and add the alcohol, mixing the whole well so as to form a 
pasty mass free from lumps. Cover the mortar loosely with paper, and 
set it aside ntitil the alcohol has evaporated, leaving a dry residue, 
which mnst be at once reduced to powder. 

Keep the product in well stoppered bottles. 

H«aotion.— 3(4MgCO,.Mg(OH)^10H,C,H,O,= 

8Mg^C,HjO,),+12CO,-f 18H,0. 

TTotes. -To insure as complete a cbemLcal union aa practicable the citric 
acid might be diasolved la the alcohol, and the magnesium carbonate added In 
small quantities at 8 time. On the addition of the magnesium carbonate the tem- 
perature of the mixture falls considerablj. The mixture soon becomes a hard 
mass unless triturated without Interruption until rendered perfect!/ homo^neoiis. 
The carbonic acid escapes with effervescence, and the alcohol Is added to facili- 
tate the reaction and the liijeration of the gas. To prevent too rapid dissipation 
of the alcohol, the mass la allowed to dry by spontaneous evaporation, and it Is 
better to spread the moist mass in an even layer upon paper than to dry it in a 
heap in the mortar, l)ecBUse It la essential that the drying be uniform, otherwise 
some portions of the preparation become very hard and dissolve with dilGcul^ 
In water. A small amountofwatermust remain in the product In order to render 
it readily water soluble. It should, therefore, be dried only sufficiently to make 
Its pulverization possible, and to prevent its caking together after being bottled. 

Dcacription^A white powder, entirely but rather slowly soluble in 10 
parte of water, requiring about 10 minutes to dissolve. The solution la not per- 
manent, however, basic raits soon separating. This decompoeltion is prevented 
by the presence of alkali citrates. An unclear solution may t>e rendered clear by 
gently nesting It, and does not become turbid agdn for several days. 
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GRANTTLATED MAGNESIUM CITBATE. 

HAONESn CITBAS GBABTULATUS. 

Magnesitim carboDate 11 parts. 

Cilrio acid 48 parts. 

Sodltmi bicarbonate S7 parts. 

Sugar, in No. 60 powder 8 parts. 

Aloohol, distilled water, each sufficient. 

Mix the magnesium carbonate and 33 parts of citric acid with 
enough distilled water to make a thick paste ; dry this at not over 30° C 
(86° F.) and reduce it to a fine powder. Then mix it intimately with 
the sugar, the sodium bicarbonate; and the remainder of the acid pre- 
vionsly reduced to a very fine powder. Dampen the mass with a 
snfficieiit quantity of alcohol, and rub the damp mixture tihrongh a No. 
20 aieve of tinned iron, to form a coarse graniilar powder. Lastly, dry 
it in a moderately warm place. 

Keep the product in w(«U closed bottles. 

Kotes. — By reference to the preceding notes under the tiUe Magneslam 
Cltnite it will tie seen that the first part ol the process has for Its object the form- 
ation of normal magnednm cftrate. This le then dried, powdered, and mixed 
with powdered sug«r, sodl am bicarbonate and citric acid. The citric acid must be 
finely powdered. It Is necessary that these ingredieats should be very thoroughly 
mixed before the alcohol is added, and only enough alcohol to dampen the mix- 
ture should be used. The small amount of water contained In the normal 
magnesium citrate and in the alcohol Is eafflcteat to cement the particles of 
powder together Into little fcriuitilea, and the cobtbo powder is run thruugh a Ko. 
30 sieve tJ> make It more uniform. As a brtiss sieve would be attacked by the 
compound, a tinned iron sieve is directed to be employed. The sodium bicarbon- 
ate is not decomposed by the critic acid, in the dry mixture, and hence the 
Itteparation, when, dissolved in water, yields au effervescing (kink. 

Desoriptlon, — A white, coarsely gmnalar mixture, deliquescent on expos- 
nre to air, Inodorous, having a mildly acidulous taste and acid reaction. Scrfuble, 
with copious effervescence, in two parts of water; nearly insoluble in alcohol. 
The aqueous solution contains sodlum-magnerium citrate, some free carbonic acid, 
citric acid, and sugar.- 



YABIETIES OF MAaNESIUM CITBATE. 

Ilager states that normal magnesium citrate occurs In three forms, differing 
from each other in the proportion of water they contain, and in sojublli^. 
Amorphou* m^nednm citrate contains S to 3 molecules of water, and is soluble in 
3 parts of water at ordinary temperatures; metamorphoug magnesium citrate con- 
tains about 6 molecules of water, and Is soluble Id 10 parts of water ; and the 
«ry«(ailine magnesium citrate contiina 7 molecules of water, and requires 100 
parts of water for its solution. The amorphous variety, when in watery solution, 
gradually changes to the crystalline form, passing through the met&morphous 
form, this alteration being usually completed In from three to Ave days. 

The changes referred tc are, at least, partially prevented by the presence of 
alkall-cltrates. 
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SOLUTION OF MAQNESnrM CITRATE. 

UQUOK MAONESn CITBATIS. 

Contains MgHC^Or 

MagQeRium carbonate 13 Gm. 

Citric acid 26 Gm. 

Syrap of citric acid 05 C.c 

Fotsseium bicarbonate 2 Gm. 

Dissolve the citric acid in 120 C.c of irater, add the magnesiutn 
carbonate, and . stir until dissolved. Filter the solntion into a strong' 
bottle of the capacity of 860 C. c , and containing the b jmp. Then add 
enough water, previously boiled and filtered, to nearly fill the bottle, 
drop into it the potassium bicarbonate, and immediately insert the cork, 
secnring it with twine. Lastly, shake the mixture occasionally until 
the potassium bicarbonate is dissolved. 

Eeaotion.— 3MgC0,Mg(OH)j+4H,C^,0,=4MgHC,HBO,-HCO,+SH,O. 

Ifotes. — Acid moguestum citrate, which is contsiaed ia this prepamtloD, 
doeB not yield any deposit of magneBlum salt auch as ia formed after about 
tluee days in eolulloos of normal magnesium citrate. As calcinm citrate Is 
Insoluble la water, the magneBlnm carbonate and the water ubed oughtperhaps to 
be free from lime. Add calcium citrate is, however, soluble to a limited extent. 
It Is directed In the PMrmacopffilal working formula that the water added last 
shall be "previously boiled aad filtered." As this precaution hasfor its object the 
removal ol any lime present, the same treatment should be applied to the whole 
of the water used. If It be intended that the preparation shall l» free from calcium 
8:ilt, for ail of the calcium oitrateformed from the calcium carbonate present in 
the water will dissolve in the excess of citric acid used, unless the water employed 
Is quite " hard," In which case it is unfit for use. Heat materially hastens the 
solution of the acidand the ms^esium carbonate, and with the quantity of citric 
. acid taken no harm will result if the water in which the acid is dissolved be hot, 
and the heat continued until the magnesium carbonate has dissolved. The 
eolation shouldthen be filtered, and allowed to become quite a>2i^ before the other 
iDgredleDtsareadded. The clear syrup should be first put in the bottle; then the 
filteredacidsolntionof magnesium citrate carefully added BO as not to mix it with 
the layer of syrup covoiing the bottom of the bottle ; then the bottle should be 
ma/rly filled with water, ana the potassium bicarbonate, in large clear crystals, 
dioppedia, after which the cork Is at once driven into the neck of the bottle. 

The bottles used for this preparation are made strnng enough to bear the 
pressure caused by the carbonic acid liberated from the potassium bicarbonate by 
tlie citric acid. Thev must necessarily be of such size as to be nearly filled by 
the solution when finichedandof proper strength. The corks used must be about 
1% inches long, and of the fleeBt quality, as large as they can possibly be used, and 
soaked In hot water so as to be soft and elastic when Inserted ; the soaked corks 
ought to be fitted to the necks of the battles when the latter have been cleaned, 
but while still empty, and should be so large that^ after using the cork presser, 
they can be driven in by one or two smart blows wiUi amaIlet,cloa[ngthe bottles 
perfectly. The wire or twine used to tie the corks dotvn securely must be 
properly attached to the necks of the battles beforehand, leaving a loop on one 
side long enough to reach to the center of the top of the cork, and the two ends 
on the opp<^te side, so that as soon a* the cork has been driven in rather more 
than oncholf its length, it can be at once tied over. 
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The quantity of potaBBiom blcarbon&te used can be sdvaataffeoiiBly tncre&sed 
to 2^ Om., ao Uiat tbe solution mav be well charged with carbonic acid.' The 
bottlea should be laid on their sidea in a cool place, taking care not to shake the 



d dissolve but Blowly. 
a, the bottle Is ebaken until all of the bicarbonate 1h dissolved- SolntloQ of 
citrate of maKnesltim is rather a^eeable to the taste when properly made, fresh, 
and cold. It loses lis agreeable taste entirely vhen kept in a warm place, when 
kept too long, or when, token without first being properly cooled on Ice or 
otherwise. 

Hagnealum oxide maj be employed instead of magnesluin carbonate, tuiDg 
oolf one-half as much of the oxide. But the carbonate Is leas vaiiutle in 
«ampositl<Mi. 



FEBBIC CITBATE. 

FBBRI OITBAS. 

Fe,(C^0,)»6H,0= 59a 

Kvaporate any coDvenient quantity ot the solution of ferrio oitrate 
over a water -bath at a temperature not exceeding 60° C. (140° F.) to the 
consistence of thick syrup, and spread it on. glass plates to dry in scales. 

Keep it in well stoppered bottles in a cool, dark place. 

Description. — Thin, garnet red Bcales, soluble in hot water, slowly in cold, 
and insolub^ in alcohol. 

The reaction of the solution is acid. 

Tests.— Hnet not be precipitated by ammonia water. 

When incinerated an ash Is left, which when treated with water should not 
give an alkaline reaction. 



SOLUTION OF PERRIC CITRATK 
LIQUOB FEBIU CITBATIS. 

Contains about 35.5 i>er cent of Fej(C,HjO;)„ 490. 

Solution of normal ferric sulphate 21 parte. 

Citric acid 6 parts. 

Ammonia water 18 parts. 

Mix the ammonia water with 40 parts of cold water, and the iron 
solution with 200 parte of cold water. Add the cold dilute iron solution 
gradually to the ammoniacal liquid, stirringconstantly. Let the precipi- 
tated ferric hydrate settle somewhat, and decant the supernatant liquid. 
Four the remainder of the mixture, containmg tbe precipitate, upon 
a wetted muslin strainer, let it drain, and then return the precipitate to 
the precipitating Tessel, and mix it well with 240 parts of cold water. 
Let settle, decant, and Bgain drain the magma on the muslin strainer. 
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Bepeat t.hJH washing process until the washings give bnt a slight clondi- 
oesB when mixed with test solution of bariom chloride. Then let the 
mass be thoronghly drained. Transfer the moist ferric hydrate to a 
porcelain dish, add the citric add, and heat the mixtnre over a -water- 
bath to 60° C, (140° F), stirring ooostantly, until the ferric hydrate is 
disscdved. Lastly, filter the solution, and eraporate it at not over 00° C. 
tmtU it w«ghs 20 parte. 

L. — First: Fe^SOA+eNH.OH = Fa/0 HV-f-8(NH. ISO, ; then. 
;,C.HjO,=Fe^^,d^+6H,0. 

Notes. — The necesHitj of ttaiog- cold dUnte Bolntions for making the ferric 
hydrate has been pointed oat noder the title, Ferric Hydrate. 

In some respects the official formula ^ven above may be adrantageoualy 
modified. Thus the water retained by the magma after washing ought to be 
pressed out by means of a strong press, until the weight of the presaed hydrate 
ie equal to three-fourths of the preacritwl weight of the final product. The citilc 
acid Bhonld at the same time be dlgsolred in 20 parts of water, and tills eolutloD 
kept at a temperature not exceeding 60° C. (140° F.) In a poicel^n dish over a. ■ 
water-bath. The ferric hydrate should be aided in portionB, a little at a time, 
the liquid being constantly stirred, and each portion of ferric hydrate added ehould 
be allowed to dlaaolve before adding more. The application of beat la necessary 
because the citric acid will not become Eatarated with ferric hydrate at ordinary 
temperatures, dissolving it very slowly, and because a solntioa of normal ferric 
citrate dlusolves ferric hydrate, forming basic salts at common but not at higher 
degrees of heat. Ferric hydrate, however. Is sensitive to heat, and partly rendered 
basic and Insoluble if exposed a considerable time to the beat required for 
saturating the citric acid In this process. For these reasons the ferric hydrate 
should be added in small quantities at a time so as not to be long exposed to heat 
before it is dissolved. The presence of even traces of ammonia will considerably 
facilitate the solution of. the ferric hydrate. In order to obtain satisfactory results 
the citric acid should be saturated, and hence ferric hydrate used in excess. The 
hydrate flnallyremainlngundlesolved la altered by the heat, acquiring a yellowish 
color, and is readily filtered away, 

Some good pharmacists prefer to use ferric chloride instead of ferric sulphate 
In preparing the ferric hydrate for this preparation, and for all scale salts of iron. 

The presence of any considerable excess of citric acid In this preparation is 
objectionable, because it will then be unfit for use Id preparing scaled prepara- 
ti(H)s,tbe acid solution adhering to the glass plates like atonghTomlsh.or drying 
in powder Instead of scales. 

Desorlption. — A dark brawn solutioi^ having a spedflc gravity of 1j36; 
sp. vol. 0.793. One hundred parts of this solution yield about for^-four parts of 

scales as previously described. 

Tests. — O-lves a red brown precipitate when boiled with alkaltea. ^Vlth 
potassium ferrocyanide it gives a greenish color, becoming deep blue on addition 
of hydrochloric acid. 

When boiled with sodium or potassium hydrate, amraonlacal vapors ahoald 

not be given off. 

AMMONIO-FBBBIC CITBATE. 
FERHI ET AHMONU CITR&S. 

Com]K>sitioa not determined. 

Solntion of ferric citrato 3 parts. 

Ammonia water 1 part 
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Mix and evaporate the mixture over a water-bath at not over 60° C, 
(140° F.) to the coosistence of thick ayrup; apread thin on gloes plate» 
and let it dry in scales. 

Keep the product in a well stoppered bottle, in a cool, dark place. 

ZTotes.— For making this preparation some formulas prescribe that three 
parts of citric acid dissolved Id water be saturated with ferric hydrate as described 
in the notes under tiolution of Ferric Citrate, and that one port of citric acid,, 
saturated with ammonia, be af terwarda added, and the solatf on evaporated to form 
scales. The worliing formula of the Norwegian Pharmacopeia is so framed. 

Desoriptioii. — In Its general appearance and behavior ft is similar to tlie 
dmple iron salt. > 

Testa.— Yields ammonia when boiled with strong aoluUon of sodium hydrate. 

The ash should not show an alfcallne reaction when heWtd with water. 



CZTBATE OF IRON AND QmNINB; V. 8. 

FESBi ET Qiniriir.s CITBAS; u. s. 

Ferric citrate 22 porta. 

Qninine, dried at 100° C. (212" F.), imtil it 

ceases to lose weight 8 parte. 

Dissolve the ferric citrate ia 80 parts of distilled water iQ a porcelain 
disli over awater-bath at not over 60° C. (140° F.). Add the alkaloid and 
stir constantly nntil dissolved. Evaporate at the temperatnre named 
until the liquid is reduced to the consistence of syrup, and spread it on 
glass plates to dry in scales. Keep the prodnot in well stoppered bot- 
tles, in a oool, dork place. 

notes.— This, the official citrate of Iron and quinine of the United States, la 
reddish brown and only slowly, though perfectly, water soluble. The most com- 
mon] v employed citrate of Iron and qnlnlne, however. Is that prepared with the 
addition of ammonia, by which the preparation is n<>t only rendered more readily 
soluble but changed also in color, being greenish yellow. 

The quinine should be finely dlvidea, and ought to be triturated with a por- 
tion of cold solution of the citrate of iron, being afterwards well mixed with the 
whole tmfore the digestion begins. Otherwise It may run together In lumps, ' 
which, afterwards, are very difficult to dissolve. 

In this, as in all other scale salts of Iron, It is necessary that no considerable 
excess of free citric acid should be contained in the preparation, for then the sail 
will not form scales, butadhereslike a varnish to the glass plates. Forthlsreason 
the official formula, prescribing the use of already scalea ferric citrate, is less 
liable to result in failure tlian a formula In which solution of citrate of iron Is 
used. 

"Qalnine dried at 100° C. {213° F.), nntiHt ceases to lose weight," is mono- 
hydreted quinine {C„Hj,N,Oj.HaO), The drying at this temperature is directed 
for the purpose of insunng uniformly. 



, __ ■, and but slightly soluble in alcohol. When strongly 

heated, the salt emits fumes having the odor of burnt sugar, and flnally leaves & 
residue which should not liave an alkaline reaction (absence of fixed alkalies). 
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Teats. — On sapereatnratiiiK Uie aqnecws solution of the ult vdtli a sUclit 
«scesB of aminoiiia, the color ofthe liquid ia deepened uid a -white, curdy precipi- 
tate ie thrown dowQ, which Is eoluble in ether and answers to the reactions of 
quiDlne given later. 

A Bmall portion of the flitrate, when mixed with solution of ferrocysnide of 
potassium, does not produce a blue color or precipitate unless it ts acidulated 
with hydrochloric acid. 

CITBATE OF IBOH AVD QUIITIirE ; B. 

7XIXHI DT aUININ^ OITRAS: B. 

Solution cf nornaal ferric sulphate 250 C.c. 

Sulphate of qumise 40 Qm. 

Diluted sulphuric acid 60 Co. 

Citrio acid 124 Gm. 

Ammonia water, distilled ■water, each sufficient 
Mix 820 C.c. of ammonia water with 1,600 C.c of cold water; add 
to this the solution of ferric sulphate, also previonslj diluted with 
1,600 C.c. of cold Tvater, stirring constantly and bristly. Let the mix- 
ture staad for two hours, stirring it occasionally; then transfer it to a 
wetted muslin strainer, and, when thoroughly drained, wash the hydrate 
with water until the washings cease to give a precipitate with barium 
chloride. 

Mix the quinine sulphate with 820 C.c. of water, add the diluted 
sulphuric acid, and, when the salt ia dissolved, precipitate the quinine 
with a slight excess of ammonia water. Collect the precipitate on 
a filter, and wash it with 1,000 C.c of distilled water. 

Dissolve the citric acid in 200 C.c of distilled water, heated on a 
water-bath; add the ferric hydrate, previously well drained; stir them 
together, and, when the hydrate baa dissolved, add the precipitated 
quinine, continuing the stirring until the alkaloid baa also dissolved. 
Let the mixture cool. Add cautiously, a little at a time, 60 C.c of 
ammonia water previously diluted with 80 C.c of distilled water, stir- 
Ting briskly, and allowing the quinine which separatee with each 
addition of ammonia to re-dissolve before adding another portion. 
Filter tiie solution, evajtorate it to the consistence of a thin syrup, and 
spread it on glass plates to dry in scales at not over 40° C. (104° F.). 
Notas. — The product is tn greenish golden yellow scales, somewhat deli- 
quescent, and readily soluble In water. It cootains 16 per cent of the alkaloid 
quinine. 

OITBATE OF IBON AND QTHNIITEi Q. R 



Citric acid part& 

Powdered iron. 8 parts. 

Quinine 1 part. 
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Disaolvathfi citric acid in 500 parts of water,' heated io a porcelaJQ 
diah; add the iron and digest over a water-bath, with frequent stirring, 
for 48 hours. Filter. Evaporate the filtrate to 50 parts, and then add 
the qoinine. When the alkaloid haa dissolved, evaporate to a sjmpy 
consistence and spread it on glass plates to dry in scales. 

Kotes. — This preparatjon cantBlnB both ferroas a^d ferric citnte. The 
qninine should be recently precipitated from a solution of 1.3 parts of qulnlua 
salphsto, disBolred In wai«r with the aid oF dilute salphuric acid, the precipitant 
bemg Bodium hydrate. 



CITBATE OF LBOIT AKTD QinnnTE; 8W. 
OTTBAa niBaioo-oHxinanB: fe. stt. 

The working formula of the Swedish Fhannacopcsia is as followB: 

Citric acid 13 psrts. 

Ferric chloride 12 part& 

Quinine 3 parte. 

Ammonia water 57 parts. 

DisBolve the ferric chloride in 400 parts of cold vrater, and poor the 
solntion into a mixture of the ammonia water and' 60 parts of water. 
Wash the ferric hydrate thoroughly, and press out the moisture from it 
Dissolve the citric acid in 25 parts of distilled water, warm the solution 
over a wat«r-bath at not above 40° C. (104° F.), and add, dnring con- 
stant stirring, the ferric hydrate in small portions at a time untU the 
citric acid issaturated. Then add thequinlneinthe manner prescribed 
in the notes under Oitrate of Iron and Quinine, U. S. 

SOLU^Oir OF CITBATE OF IltON AKD QUIHINE. 

UaiTOB FBBHI BT Q,XrumiM OITBATIB. 

Ammonio- ferric citrate 65 parts. 

Qnimne, dried at 100° C. (212° F.) until it 

ceases to lose weight 12 parts. 

Citric acid . . 28 parts. 

Alcohol 80 parts. 

Dissolve the citrate of iron and ammonium in 200 parts of distilled 
WBt«r, in a tared porcelain dish; heat the solution over a water-bath to 
60° C. (140° F.), add the citric acid, and, when this has dissolved, add 
the alkaloid previously triturated to a homogeneous mixture with a 
cooled portion of theliqnid, and continue stirring until a perfect solution 
results. Evaporate to 160 parts, let cool, add the alcohol, and finally 
10 parts of distilled water. 

Should be kept in a well stoppered bottle, in a cool, dark place. 
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CITILATE OF IRON AND STBYCHNINIL 

. FEBBI ET aTBYCniSnrX CXTILAS. 

Citrate of iron and tunmoniam 98 parts. 

Strjchmne 1 part 

Citric acid 1 part 

Dissolve the ammonio-ferric citrate in 100 parts of dietilled water; 
and the alkalgid, together with the citric acid, in 20 parta of distilled 
water. Mix. Evaporate the mixtore hy water-bath at not over 80° C. 
{140° F.) to a s^mpy liqnid, and spread this on glaes plates to dry in 
scales. 

Keep the product in well stoppered bottles, in a cool, dark place. 

Desoription.— TruiBp&rent, garnet-red Bcalea, deliquescent on eipmnre to 
air, odorl«M, liaviDg & bitter and slightlj ferruginous t&Bte, and a Bll^tlj add 
reaction. BeadilyondwhoUy soluble in water, and but elightly soluble in alcohol. 
When fltrongly heated, tlie salt emits fumes having the odor of burnt sainLr, aad 
dnially leaves aresidue which should not have an alka1lDereactIon(flsed aUutee). 
On beating the aqueous solution of the salt with solution <^ poUssa, a brown red 
precipitate Is produced and vapor of ammonia is evolved. 

Tests.—If 1 Qm. of the salt be dissolved In 4 C.c of water, In a sokall te■^ 
tube, Uien 1 C.c. of solution of potassa added, and the mixtnre shaken with S C.c 
of chloroform, tte residue left on evaporating the chloroform will answer to the 
reactionB of strychnine ^ven later. The eolation made acid by hydrochloric 
Acld Is colored blue by potassium ferrocysnlde. 



BISMUTH CITBATE. 
BISMUTHI CITBA8. 

BiC^O,= 896.5. 

ii sabnitrate 10 parts. 

Citric acid 7 parte. 

Boil them with 40 partsof distilled water until a drop of the mixtore 
yields a clear solution with ammonia water. Add 500 parts of distilled 
water, stir well, and then set the mixtnre aside to settla Decant the 
acid supernatant liquid, and wash the precipitate, first by decantation 
and afterwards on a filter, until the washings are tasteless. Dry the 
product by moderate heat 

Eeaction.— BiONO,H,0+H,C,H.O,H.O=BiC,HiO,-|-HNO,+3H,0. 

Notes .—Citrate of bismuth h ioBoluble in water, and nearly so in tbe dilute 
nitric acid formed hj the reaction taking place lu this process. SubniliWA of 
bismuth is insoluble in ammonia water, but the citrate is aolnble In It, and hence 
the reaction is known to have been completed when the turbtd liquid is cleared 
by ammonia water. 
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The bismuth citrate is directed to be prepared as follows ia the 
British Pharmacopceia (1885): 

Snbnitrate of biBumth .' 22 Gm. 

Citrio acid 16 Gin. 

Sodium bicarbonate 32 Ghn. 

Nitric acid, 44 C.c, or eofficieut 
DiBtilled water, snfScient 

Heat the eabiiitrate of bismuth with the nitric acid until dissolved. 
Add a little water, with cobstaat stirring, TmtJl the cloudinees produced 
by tho water no longer rapidly disappears. XHsaoWe the sodium bicar- 
bonate in 480 C.C. of distilled water, add the citrio acid, boil until 
effervescence ceases, and then add this solution to the clear (or only 
faintly opalescent) solution of nitrate of bismuth until no further 
precipitate is produced. Heat the mixture to boUing, stirring occasion- 
ally. Set aside to cooL When cold, filter, and wash the precipitate 
until all free nitric acid has been removed. Dry the product by water- 
bath heat. 

Beaotion. — Acid bismath nltiate Is formed by the Bolutloa of the Bobnltrate 
In nitric acid; the cittlc acid and aodinm bicarbonate yield sodluia citrate. The 
reactioQ between these salts Is: 

Na,C,H,0,+Bi(NO,),^ BiC,H,0,+8NaN0,. 

But nitric acid la used in excess, and sodium bioarbonate la also naed Id exceasi 
and the excess of add on the one hand 1b nearly neutralised by the excess of 
alkali on tha other. 



CITBATB OF BISUTTTH Ain> AUMOHXOM. 

BIBKUTHI DT AHUOml CIT&JUS. 

Citrate of bismuth 1 part. 

. Water of ammonia, sufficient. 

Mix the citrate of bismuth with two parts of distilled water to a 
smooth paste, and gradually add water of ammonia until the salt is 
dissolved, and the liquid has a neutral or only faintly alkaline reaction. 
Then filter the solution, evaporate it to a syrupy consistence, spread it on 
plates of glass, and dry it in scales. Keep the product in Bmall, well 
stoppered vials, protected from light. 



Tests. — The aqueous soludon yields ammonia when boiled with Bodium 
hydrate, or a black precipitate of BolpUde when treated with hydrogen sulphide. 
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B0R0-CITRATE3. 



Several double Baits are known, consisting of borates and citrates of 
potasBinin, soilium, magneainm, or other metals. 

The boro-citrate of potasBiom ia prepared as follows; 



BOBCKJITRATE OP POTASSIUM. 
FOTASSU BOBO-CITBA6. 

Citric acid 10 Gm. 

Boric acid 9 Gm. 

Potassiom carbonate 35 Gm. 

Water 60 Co. 

Dissolve and evaporate to dryness, stirring constantly. 



The only one tiEed is the extract-like and very impure prepaiKtion 
known as " Eitractum Ferri Fomatmn," or " Extractnm Pomorom 
Ferratnm," official in some pharmaoopceias. 



KALIC ACID. 

ACIDTTU UAIilCUM. 

H,C,H,Oj=134. 
Potasainm malat« and malio ooid occor in tlie juice of nnripe 
fmita, as apples, gooseberries, currants, and also in the rhubarb plants 

IMPURE MALATE OF IRON. 
EXTBACTUH FEBBI FOUATUU. 

Iron wire, cut 20 Gm. 

Crab apples, nearly ripe 500 Gm. 

Pare the apples, beat them into a pulp, and express the jiuc«. Add 
the iron, mix well, set the mixture in a warm place for tea days, or 
-until all signs of effervescence cease, stirring freqaently. Beplace from 
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tinie to time the water loet by evaporation. Heat the mixture on a water 
bath at 70° C. (158° F.) for six hooiB, replacing water lost by evaporabon. 
Add 100 Co. of warm water, express, mix the residue with another 
100 C.c of warm water, and express again. Mix the lipoids and se^ 
the mixtore aside in a cool place to settle. Decant the clear liquid, or 
filter if necessary, and evaporate to a thick extract 

The product is greenish black, has a styptic taste, yields a clear 
solotiou with water, and nsnally contains about 7 to 8 per cent, of iron. 



CHAPTER XXVI. 



FHENTI. HYDRATE. 

ACIDT7H CABBOLIOITH. 

[PHBNOZk OABBOIiIO AOIS.] 
CAOH=94. 
Although this substance is not an acid, but an alcohol, it has some 
|vopertiee which resemble fliose of the acids, and is commonly named 
carbolio acid. With solutions of the alkalies it forma soluble com- 
pounds called pheuates, m: phenylates, which are capable of dissolving 
lat^ quantities of phenol On the addition of an acid to the solution 
of the pheuate, the carbolio acid separatee. The solutions of carbolio 
acid in carbolated soda or potassa are freely miscible with water and 
alcohol, and are nsed as disinfectants. 

Phenol is one of the many products of the distillation of coal tar. 
The ofBoial "carbolio acid" is a pure phenol obtained by distilling 
cmde carbolic acid between the temperatures of 170° and 185° C. (338° 
and 865° F.), separating from other products, and purifying by repeated 
arystallbsation. 
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Fropertiefl.— CidorleSB^ interlaced, neadle-Bhumd cr^Btala, aometiiDM 
acquiring a piukiBh tint, deliqueeceat on expoaure, having & distinctive, Blightljr 
Aromatic odor; when diluted, a sweetlBh taste, with a altKhtiy burning after- 
taste, and a neutral reaction. It produces a tMnumbing, blanching and caustic 
effecton the akin. Tiie ciTBtalB melt at 86° to ^° C. (M°B to l(n°6 F.), uid 
boil at 181° to 188° C. (36f°.8 to 866° .8 F.), the higher meWng and the lowei 
boiiluK points being thoee of the pure and aiihydroua add. On continued heat- 
inr, the acid is completely Tolatilized. Carbolic acid coagulates albumen or 
collodion (difference from creosoteV Its aqueous solution forms a white precipi' 
tate with bromine water. On adding to 10 C^. of a 1 per cent aqueous solotlm 
of carbolic acid, 1 drop of test-solution of ferric chloride, the liquid acquires a 
vlolet-bhte color which Is permanent (the color thus cansed by creasote rapidly 
changing to greentah and brown, with formation, usually, of a brown precipitate). 
One volume of liqaefied carbolic acid, contajutng 6 percent, of water, forms, with 
1 volume of glycerin, a clear mixture which is not rendered turbid by the addi- 
tion of 8 volumes of water (absence of creasote and cresyllc acid). 

The amount of water contained In a solution of carbolic acid mav be deter- 
mined bj agttaUog the solution. In a graduated cylinder, with an eqnal Tolume of 
chloroform. After standing, the upper layer consists of the water contained in 
the mixture, . 

I!rotes.^A carbolic acid having the odor of creasote, or of volatile snlphur 
compounds, should be rejected. A clean sweet phenol odor is one of the best 
dgnsof good qnalilf In carbolic acid. It should also t>e hard and dry. The 
vuiatloDsin the melting and boiling polnteof phenol are due to the greater or less 
proportion of water present. An anhydrous acid f uaed wilh from four to Ave per 
cent, of water will still be a solid mass of ciystals at ordinary temperatures; but 
the phenol la wet in proportion to the amount of water present, ana when 8 to 10 
pec cent of water Is contained In It, the phenol Is liquid at ordinary temperaturee. 
The best grades of carlx)llc acid of the market contain at least 3 and often over 4 
per cent of water. To ascertain approximately the proportion of water, it is most 
convenienttodetermlnethecongeallngpotntof the acid. Athermometerls placed 
in the melted acid, which Is then allowed to cool during constant stirring until It 
begins to crystallize. The temperature often failB to 6° or 6° C. below the con- 
gealiog point before crystalli£ation takes place, bnt the moment this begins the 
tnermometer rises to the true congealing point and remainsconstant at that point 
nntil thedTBtailizBtioniBcompietefSqaibb). This test is a senHltive one. The 
best carbolic acid examined by Dr. Squibb congealed at S9°.S C, and commenced 
boiling at 170° C, the boiling point rising rapidly at first and more slowly after- 
wards, until it reached 188° C. Another specimen which congealed at 29°.t a 
began to boil at 173° C.,andafterwards reached astatlonary boiling point of 186°.2. 
Dt, Squibb regards the congealing and boiling points given bythePharmacopatia 
as too high, and the chloroform test as too unreliable to be of much value. Tbe 
congeallog point should be placed at R5° to 38° C. 

The pinkish color which Is eo frequently met with in carbolic acid is due to 
snch minute quantities of whatever substance causes it^ that it has not been con- 
clnslveiy settled what this reailv is. It has been aacritied so aniline, pyrrhoi, 
loaoiic acid, copper. Iron, ammonia, etc. This pinkish color Is acquired by age, 
and Is most frequently found in the purer and more nearly anhydrous grades. 
It does not In the least impair the medicinal value of the phenol. 

Solubility. — The ofhcial atatements aa to solubility are far from correct 
Clear and permanent solutions of water in carbolic acid containing 80 per crat. of 
phenol have been on the market for aeveral years past, nnder the name of " Car- 
bolic acid solution No. 1." 

According to the ofilcial description the crystallized phenol dissolves only 6 
per cent of water, and water dissolves only 5 per cent of phenol. But crystallized 
phenol, even when of lower coDgeallng pouit than that given in the Pharmacopcela, 
diaaolves 86 per cent of water (Squibb); and water dissolves about 6 per cent of 
phenol. 

Five parts of phenol dissolve in 1 part of alcohol ; 4 parti in 1 part of ether ; 
S parts in 1 part of chloroform; 7 parte in 3 parts of glycerin; and 4 parts in 7 
parts of olive oil. 

Solutions containing any de^r«d proportion of phenol may be made by the 
use of glycerin, water and lucohol. 

Phenol is also soluble in benzol, carbon bisulphide, and fixed and volatile oils. 
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LIQUID CABBOLIC ACID. 

ACIDTTM CABBOUCITH UQTTIDTTU. 

CTystallized phenol 19 parts. 

Dbtilled water 1 part 

Wans the phenol in a bottle until liquefied; thea add the water, 
and shake well. 

Each T"''>i"' of this solution r^resents very nearlj' one ^rain of 
dystallized phenol. 

OABBOLIO ACID WATEB. 

A.QJJA. A.aiDl OASBOIildi U. B. P. 1870. 

Ciystallized phenol 10 Om. 

Olf c«riiL 40 Gm. 

Distilled water, Eufficient 

Triturate the phenol with the glycerin until disaolred; thea add 
enon^ water to make the whole measure 700 C.c. 

aZiYCBBITE OF CABBOLIC ACID. 

aLTOBBITITH AXJUtX OAHBOUCI; V. B. F. ISTO. 

Crystallized phenol 100 Gm. 

Glycerin 400 Co. 

Mix. 



CAUFHOBATED FHENOL. 

AOEDTTU OABSOUOVM OA1CFHO.BATUM. 

Orystallized phenol 12 Gm. 

Camphor 4 Gm. 

Distilled water 1 Gm. 

Triturate until a homogeneous liquid results. 

IODIZED PHENOL. 

AOEDUK OABBOLIOmi lOSATUH. 

Iodine 1 port. 

Liquid carbolio acid 4 part& 

Triturate until dissolved, aiding the solution by gentle heat. 
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CBtlDE OA£BOLIC ACXD. 

AdDUH OABBOLICTTII OBTJDnM; U. 8. 

The new " cmde carbolic acid " of the Fbarmaoopceia is a very dif- 
ferent t^ing from the " crude carbolic acid" of tihe cobI tar distilleiB, 
vhich has been an article of commerce under that name for many years. 
It is important, therefore, to guard against confusion between them. 

"Bead oil" is a product of the distillation of coal tar. It contains 
from S to 20 per cent of mixed phenola. From tiiia " dead oO. " is 
obtained the " crude carbolic add " of the market, which contains about 
50 per cent, ot mixed phenols. By distillation of this " crude carbolic 
acid " the true phenol (crystaUizable carbolic acid) is next obtained at 
between 170° and 185° C. (838° to 365° F.). At 185° C. to 195° C. 
(S65° to 383° F.) the distillation yields a product chiefly consisting of 
oreeol and xylol, but still also containing phenol ; this distillate is what 
the Pharmacopceia of the United States (1880) calls crude carbolic acid. 
It contains at least 90 per cent of mixed pheuols, and usually 94 per 
cent In the trade it is called "Impure Carbolic Acid, No. 1." After this 
second fractional distillate comes a third fraction called " Impure Car- 
bolic Acid, No. 2," containing about 64 per cent of mixed phenols. The 
second and third fractions together are designated as "coal tar oreasote." 

What the present Pharmacopoeia calls crude carbolic acid, then, is 
what is designated in the trade as " Impure Carbolic Acid, No. 1," and 
contains not less than 90 per cent, of mixed phenols, among which are 
(neeol, phenol and xylol. 

When just distilled it is always colorless, but darkens by age until 
it finally becomes quite dark reddish brown. It has a strong, aromatic, 
creasote-like odor. It has a benombing, blanching, and corrosive effect 
upon the skin or mucous membrana Its reaction is neutral. With 
bromine water it gives a flocculent precipitate. 

Teats.— Crude carbolic acid should not dissolve ta less than IS parts of water 
at 16° C. (69° F.), uoi should the aolutlon have an alkaline reactiou (absence of 
alkalies). 

Hli 00 Tolumes of the crude carbolic acid, U. B. P., with 1,000 volumes of 
wat«r In a vessel of the capacity of 2,000 volumes, shake vigorously and Uieii 
allowlt to separate ; pour oS the upper milky liquid; then add 600 volumes mote 
of water and again shake thoroughly, set aside to separate, and ttonr off the waterv 
liquid as before. Transfer the residue to a eraduated cvl 
residue should not measure more than volumes (BoulDl 

Crude carbolic add, U. 8. P., Is a more powerful disinfectoDt than ciTatslllzed 
phenol. It. Is intended for free use In hospitals, water^losets, drains, aHeya, 
outhoosee, etc. 

A crude carbolic acid having an alkaline reac^on should alwajs be rejected ; 
■Jkallea are added to render practicable the dilution of the acid with considerable 

ir of ammonia should 
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SULFHO-CASBOLATES. 

Sulpho- carbolic acid, qr orthopbenol sulphooio acid, is formed Then 
phenol is digested with sniphnrio acid: 

G,H,OH+H^O,= HC,HsSO,+H,0. 

Snlpho-carbolates of eodiam and zinc are official The snlpho- 
carbolates of barium and lead are employed in preparing other snlpho- 
c&rbolates by donble decomposition with sulphates or carbonates. The 
salts are colorless, white, or sometimes sli^tl; pinkish, and aolnble in 
water. 



SITLPHO-CAItBOIiATE OF SOSIUH. 

80DU 8TTLFHO-CASBOI.AS. 

NaCAS0..2H,0=232. 

CiTstallized phenol 10 parts. 

Si^phuric acid 12 ports. 

Barium carbonate 20 parte. 

Sodinm carbonate 34 parts. 

Add the phenol to tiie sniphnrio acid, stir, and heat the miztnre on 
a water-bath for three hours. Add 200 parts of water, and stir welL 
Then gradnally actd the bariom omrbonato, and mix the whole inti- 
mately. Filter. Precipitate the filtrate exactly with the sodium 
carbonate, previously disaolvBd in 100 parts of water. Again filter, and 
evaporate to crystallization. Purify the product by re-crystallization 
until colorless, or but faintly pinkish. 

Reaction.— aHC,H,80.+BftCO,=Ba(C,H580,),+H,0+CO,; 

SDd then, Ba(C,Hj80 J,+NajCO,^2NaC,H,80j+BaCO,. 

Notes. — Any excesa of sulphuric acid present in tbe Bulpbo-carboUc add is 
removed by the use of an excess of barinm carbonate, whereby Insoluble barium 
sulphate is formed, which Is Altered away. 

Deacription.— Colorless, transparent, rhombic prisms, permanent in the air, 
odorless or nearly so, having a cooling, saline, somewhat bitter taste, nod « Deutrol 
reaction. Soluble In S parts of water, and In 132 ports of alcohol at 16° C. (59° 
F.)f iD0.71)artof boiling water and In 10 partsof boiling alcolioL When heated, 
the salt loses Its wster and becomes a white powder. At a higher temperature it 
emits Inflammable vapors having the odor of carbolic add, and leaves a rsgldue 
amounting to 8fl per cent of the original weight, the flitered solution of which, 
ttddulated with nitric acid, produces a wlilte predpltate with solution of chloride 
of barium. 

A one per cent aqueous solution of the salt should not at once be rendered 
turbid nor be precipitated by solution of chloride of barium (lim't of sulphate). 
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SULFHO-CABBOLATE OF ZDfC. 
znrci snxfHo-cABSOi.A& 

Zn(C,H,S0,),8H,O=5&t9. 

CrTstallized phenol *. 20 parte. 

Salphnric acid 24 parte. 

Barium caibonato 40 parte. 

Zinc Bolpbate 29 parte 

Add the pbeool to the acid, etir, and heat the mixture on a water- 
bath for three hours, -Add 400 parte of water and mix welL Then 
aentralize by adding the barium carbonate, stirring the wh<de thor- 
onghly. Filter. Reject the precipitate. To the filtrate add the zinc 
sulphate previously dissolved in 200 parts of water. Now filter away 
the precipitated barium sulphate, slightly acidulate the filtrate with 
SDlphnrio acid, and evaporate to crystallization. 

Purify the product by repeated re-crystallizations. 

BeaotionB.— 2HaH,80,+BaCO,=Ba{aH,80,),+HiO+CO,; 

and then, Ba(CeHs80J,+ZiiSOj^Zn(C;Hj80J,-f B«80^ 

ITotea.—The solution of ztnc sulphate sbould be added to the solatloD of 
snlpho-CBrbolate of barium unUl esactly precipitated— that la. the further addi- 
tion of zinc Bolphate mait be dlBcontinucil aa soon as it no longOr cmisas any 
farther precipitation. Bulpho-carbolate of zinc crystallizes mve rMfdily from a 
solution slightly acidulated with sulphuric acid. 

Deooriptloil. — Thin, colorless plates, soluble in water or alcohol. 

Teats. — Tlie aqueons solndon Is precipitated white by ammonium sulphide, 
and is cokffed violet by ferric chloride. 



PICRIC ACID. 
ACIDUM FIGBICTTM. 

[TBI-NITSO-^HXirOI..] 

C^fNO,),OH=229. 
Tri-nitropheool, or picric acid, is prepared by dropping 1 part of 
^enol into 3 parte ot warm nitric acid, and then adding, after the vio- 
lence of the reaction has subsided, 3 parte of fuming nitric acid, and 
heating the mixture. Upon evaporation the tri-nitrophenol crystallizes. 
The product is purified by re- crystallization from a hot solation in water 
oi diluted alcohol 



Descriptioii.— Lemon yellow crystak, soluble in water and alcohoL The 
aqueous solution Is frequently used as a test for albumen in urine and for alka- 
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SAUCYI.ATES. 



The salicylates are recognized by the special test givea under Salicy- 
lic Acid. The more important of these ^alte are soluble in water. 



SAUCtXIC ACID. 
ACIBtTH SAUCYLICITU. 

HC^HaO,= 138. 

Methyl salicylate exists in the volatile oil of gaoltheria, ivbioh con- 
tains aboat 90 per cent, of this oompoond etlier. Salicylates have also 
been foond in other plants. Salicylic acid is manofactnred as follows: 

A solution of sodium hydrate is saturated with phenol, the mix- 
ture evaporated to dryness with constant stirring, and the residue, while 
still hot, is powdered; the powder is heated in a retort over an oil-bath 
to 100° C. (212° F.) whereby all moisture is driven off; then a current 
of dry carbonic acid gas is passed into the retort under slight pressure, 
the temperature being raised to 180= C. (356° F.), and finaUy to 220° 
— 250° C. (428° — i82°F.). The residue now consists of sodium car- 
bonate and sodium hydrate together with sodium salicylate; it is dis- 
solved in water, and hydrochloric acid is added, by whiph the salicylic 
acid is precipitated while sodium chloride rranains in solution. 



Votes. — Mach depends upon a careful reg:nlatlon of the temperature Id thU 
process. Potasslnin bydiate cannot be used In place of the aodinm bjdr&te, the 
result being then para-axy-beiizolc acid Instead of salicylic acid. The chemical 
reactions Include also the formation of " Bodium-BaJIcylate of sodiam," 

N8C,H,O,-|C,H(0Na=NaCH/Na)O,-(-C,H,OH; 
this compound Is decomposed by the HCl yielding salicylic acid and sodium 
chlmide. 

The crude salicylic acid 1b purified and decolortied by filtration of lis solution 
throngh animal charcoal, and repeated te-crystalllzation. To perfectly remova 

„ flth sodium hydrate and the methyl 

^late of sodium boiled- methyl alcohol and sodium salicylate are formed. 

FSrecipltated salicylic acid (amorphous) Is not safficiently pure for medicinal 
uses. The crystallized acid la better. Sublimed salicylic acid often has the 
odor of phend, and acquires a reddish tint on exposure to ^r or son light. The 
purest acid la that purified by dialysis, 

Deocription.' Finn, irhite, light, prismatic, needle-shaped cirBtolB, per- 
manent in the air, free from odor of carbolic acid, but sometimes having a slight 
aromatic odor, of a sweetish and slightly acrid taste and an add reaction. Soluble 



anent In the air, free from odor of carbolic acid, but sometimes having a sli| 
womatic odor, of a sweetish and slightly acrid taste and an add reaction. Soluum 
in 4S0 parts of water and In 2.S parts of alcohol at 15°C.; in U parts of iMlllng 
water; very soluble in boiiiuR alcohol; also soluble in 3 parts of ether. In 3 narts 
ffif absolute alcohol, In 8.5 parts of amyllc alcohol, and In 80 parts of cUorofcMm. 
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Wben heated la abont 176° C. the cryHtaU melt, and at about 200° C. thtiy beftla 

to sublime; at a. higher temperature thev ' ■" ■. ... 

odor of carbolic aclOi The aqueous solatK 
oolutioa of tecric chloride. 



drops of test Bolatloit of niuata of silver (abaeace of hydrochloric acid), A satu- 
rated solution in absolute alcotiol, when allowed to evaporate spontaneously In an 
atmosphere free from dust, should leave a perfectly white crystalUae residue, witti- 
out a trace of color at the points of the crystals (absence of organic impiuities: 
also of iron). On agitatiue a portion of salicylic acIdwitlilS parts of concentrated 
sulpharic acid, no color ahould be imparted to the latter within fifteen minutes 
(foreign (wganic matter). If G C.c.of a saturated aqueous solution of salicylic acid 
be poured into a test-tube, into which had been introduced, Bhortl)r before, acryv- 
tal of chlorate of potassium uid 2 C.c. of hydrochloric add, and some water of 
ammonia be now carefully poured on 'top, the lattai should not assame a reddish 
or brownish tint (absence of carbolic acid). 

SAXICrLATEt) CAHFHOB. 

OAHFHOBA. BAXIOTX^TA. 

Camphor 84 parts. 

Salicylic acid 65 parts. 

Heat together carefolly until a solution is formed. Let cooL A 
crystalline mass is obtained 



SODIUM SALICYLA.TE. 

SODn SAUCYLAS. 

2NaC,H,0,.H,0=838. 

Salicylic acid 10 parts. 

Sodium bicarbonate 6 parts. 

Water 40 parte. 

Shake the salicylic acid well with the vroi/esr so as to distribate it 
uniformly through the liquid. Then add the sodium bicarbonate, a 
little at B time, shaking well after each addition. Warm the liquid 
slightly to expel the carbouio acid which is set tree. When cold again, 
£lter the solution, and evaporate to dryness, stirring constantly so as to 
obtain a granulated product. Keep it in well stoppered bottles. 

BoBoUon.— 2HC,H,0,4-SNaHCOj=2NaC,H,0,+3H,0+2COr 

Notes. — It islmportant that the salicylic acid should be in excess thronghont; 
consequenUyasmall excess of the acid Is used, and the sodium bicarbonate added 
to the acid instead of vice versa, Should the sJkali be in excess, the prodni^ may 
become darkened even during the process of manufacture, and never fails to be 
dark colored when finished or after being kept a short time. 

E. Hoffman recommends preparinf the salt by stirring 20 parts of sodium 
bicarlKinate and 88 parts of dialyzed suicyllc acid with enough water to form a 
thick paste, allowing the carbonic acid time to escape, and uien evaporating to 
dryness. 
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The pnsADce of iroo, even In minute qtutntl V, colors the preparation and Its 
eolntlODS reddlsh- 

Wben ciyataiUzed from alcohol the salt Is In needle-ahaped crystalB, having 
the compoaltloa shown bj the formula given above. At 100° C. (312° P.) it loses 
its water of crvstallUatlon, becoming amorphong and hygroscopic The salt may 
absorb as much as 6 pet cent of molEitiire from the air. 



LiTUiUJH RATiTCYIiATR 
UTUil SAUCTLAS. 

2LiCftOrH,0=306. 

Salicylic acid 11 parts. 

Lithinm carbonate 3 parte. 

Distilled ^rat«r 25 parts. 

Mix, and lieat gently until effervescence ceases. Filter, and evapo- 
rate to dryness over a vater-batii, stirring constantly. Keep it in well 
stoppered bottles. 

Be»ction.~Ll,CO,+2HC,H,0,=3LlC,HsO,.HjO+COj. 

Deeoription. — A white powder, deliquescent on exposnre, odorleaa, faintly 
acid In reaction, and freely soluble in water and In alcohM. 



ZnrC BAUOYLATE. 

ZnrCI SAIJCTLA& 

Zn(C^0.)r3H^ = 392.9. 

Zinc oxide 3 parts. 

Salicylic acid 10 parts. 

DistUled water, sufficient. 

Mix the salicylic acid with 50 parts of water, and heat the mixture. 
Add gradually the zinc oxide previously mixed with 15 parta of water, 
until no more dissolves. Filter, and set aside to crystallize, 

BISMUTH SAUCTLATE 
BISmPFHI BAUCYLA8. 

Bi(C,H,0,),.aq. 
Prepared by double decomposition from normal bismuth nitiBte 
^59 parte) and sodium salicylate (51 parts). The nitrate of bismuth is 
diBsoWed in glycerin, and this solution gradually added to a strong solu- 
tion of the sodium salicylate in water. 
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CHAPTER XXVII, 



BENZOATES. 

The benzoates of Bodiiun, liUiiam and ammoninm are vater soluble, 
and prepared by B&toratmg the acid with the respective carbonates. 
Benzoate of iron is rarely employed, bnt useful becaase soluble in iixed 
oils. 

The solutions of the alkaline salts yield brownish red precipitates 
with ferric salts, and wbite precipitates witii solutions of lead aoetate 
and sUver nitrate. 



BENZOIC ACID. 
AOIDUH BESZOICUM. 

HC^O,=I22. 
Benzoic acid is contained in benzoin to the extent of from 10 to 19 
per cent, and may be obtained by enblimation. The benzoin is coarsely 
powdered and spread in a thin layer on a. flat tinned iron pan. This pan, 
for one pound of benzoin, ought to be about 12 inches in diomet^ and 
about 1 i inches deep. A sheet of porous paper is fastened over the 
pan, after which a cone or dome of thick paper, which is tied securely 
around the edges of the pan. The apparatus is then placed on an iron 
plate, covered with a thin layer of sand. Heat is now applied, gradu- 
ally, until the odor of benzoic acid becomes quite noticeable through the 
paper, but the temperature must not be raitwd too high, fco* the product 
will then become fused, or discolored. 



.i^.oe>^ic 



STNTHETldAL OHEMIBTRT. 315 

Benzoic acid can also be made by the wet vay^boUiug benzoin vith 
calcium or eodium bydiate, and decomposing the benzoate of caloinm or 
Boditim ^th hydrochloric acid. 

Benzoin 4 parte. 

Sodinm carbonate 1 part 

Hydroohl<nic acid, enfficient. 

Digest the benzoin vith the sodinm carbonate, previously dissolved 
in 10 parts of water, for tiiree hours at about 60° C. (140° F.). Then 
boil the mixture a few minates, £lter, and neutralize with hydrochloric 
acid. Collect the precipitated benzoic acid, and purify it by dissolvinf; 
H in 20 times ito weight of boiling water, digesting the ' solution 
with a little animal charcoal, filtering, concentrating the solution by 
evaporation and crystallizing. 

Benzoic acid is now manufactored from hippuric acid, from naj^- 
thalin, and from toluoL This artificial benzoic acid is generally pore, 
chemically, but differs from pure natural benzoic acid by being mor» 
compact sud almost inodoroOB. Natural benzoic acid obtained ttma 
benzoin by eublimatirak, is very soft and bulky, and ie fragrant. Benzoic 
acid prepared from benzoin by the wet process is, however, not fragrant. 
The agreeable odor of sublimed benzoic add aeems to be due to ethyl 
benzoate, or to some volatile oil, or both, existing in the resin and 
accompanying the acid when snblimed. The fragrant braizoic acid 
prepared fnnn benzoin by sublimation is the only kind intended by the 



In the trade the natural benzoic acid ie styled as " English," and 
the artificial as " German Benzoic Acid." 

Benzoic acid has marked antiseptic properties, and a solution of one 
part of benzoic acid and one part of borax iu 100 parts of wat^ is often 
employed. The borax aids the solution of the benzoic acid. 

Desoriptioc. — The pure add ctyatallizes in colorless, odorless plates. Hoch 
of tbe commwcisl article liss a yellonlsh tinge. It is readily solable In alcohol, 
ether and glycerin, but oiily slightly soluhle IQ cold water. It should volatilize 
completely on platinum, and should not reduce potasdum permanganate in acid 
or alkaline solution. 

Ssturating power. ~100 parts of benzoic acid will saturate: 

p»-.i«„ bi«bo„.», B..B7 p«, ) ™pS.,i''"i„ss:.°' 

Sodium Ucarbonate (09 per cent), 69.Ni parts ... 1 Yielding 182.79 parts of 
Sodinm carbonate (96 per cent), 123.09 parts .... j sodium benzoate. 

Amntonium carbonate, 43.90 parte 1 ,..,,, .,„„„ 

Ammonia water <10 per cent.), 180.84 parts I Yielding USM parts of 

AnunoolB water, stronger {88 per cent), 48.77 t ammonium benzoate. 
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SOSItnC BENZOATE. 
BODn BEKZOAS. 

NaC^O^H,0=162. 

Benzoic acid 40 parta 

Sodium bicarboDato 28 part& 

Boiling Trater SO parts. 

Mix the benzoic acid with the hot water, stir well, neutralize per- 
fectly by adding the sodium bicarbonate, beiog careful to obserre the 
reaction on litmus paper after effervescence has ceased. Filter. Evap- 
orate to 65 parte; remore it from the source of heat and stir until cold. 
^During the evaporation it is necessary to scrape down the benzoate from 
the sides of the capsule. 

Beaotton.— 2HC,HsO,+UajC0,=2NaC,H,O,+CO,-i-HjO. 

Description.— A whho, seml-cT7BtBlline or unorphouB powder, efflorwceat 
on esposnre to ^r, odorless or having a faint odor of beozoht, of a sweetly sstrin- 
geat tute free from Uttemees, and havtog a neutral reaction. Bolnble in 1.8 parts 
of water, and in 45 parts of alcottol at 15° C; in 1.8 part of boiling water, and In 
30 parts of boiling alcohol. When beated, the salt melta, emits vapors having 
the odor of benzoic acid, then cbMS and finally leaves a blackened rwtdn« of an 
alkaline reaction, which imparts to a non-lnminouB flame an intense yellow color, 
not appearing more than transiently red vhen obeerved through a blue glass. 
On mixing an aqneoas solution of the salt with a dilute solution of ferric sul- 
phate, aflesh-colbred precipitate is produced. 



UTHIUH BENZOATE. 
LITHn BEKZOAB. 

LiC^O.= 128. 

Lithium carttonate 4 parte. 

Benzoic acid 13 parts. 

Water 36 parts. 

Mix the lithiom carbonate and water, heat the mixture in a capenle, 
and gradually add the benzoic acid until effervescence ceases. Filter, 
and evaporate to dryness, stirring constantly. 

Boaotion.— LijCO,4-2HC,H,Oj=8LIC,H,Oj+HjO+CO,. 
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AHK ONIUU: BENZOATE. 

AUHOHU BENZOAS. 

NH,C^O,^139. 

Benzoic acid 20 parts. 

Distilled water 40 parta 

Water of unmonia, aafficient 

Dissolve the benzoic acid in 33 paii« of water of ammonia previonsly 
dilated with the water. Evaporate over a water-bath by gentle heat, 
adding a little more ammooia water from time to time, if necessary, to 
keep the alkali in constant excess, so as to prevent the tbnnation of acid 
ammoninm benzoate, which is less soluble. When rednoed to 50 ports 
set aside to ciystallize. Collect and dry the crystale. The mother 
liqiu^ will yield more crystals after evaporation, keeping the ammonia 
slightly in ezcesa as before. 

BeaotiMl.— HC,H,0,-l-NH,0H=NH^C,Hj0,+H,O. 



FEBRIC BENZOATE. 

FBBBI BBITZOA& 

To a eolation of ferric chloride add ammonia wat«r giadnaUy as 
long ae no precipitate is formed Then add a eolation of ammoniam 
benzoate nnl^ precipitation is completed. Collect the precipitate, wash 
it with a limited amoont of cold water, let it drain somewhat, press oat 
the remaining water as far as practicable, and then dry the prodact 
witboat the aid of heat 

It is a brownish ppwder, soluble in fixed oils to a limited extent 
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CHAPTER XXVIII. 



KISCELLANE0U8 FBEFABATION& 

TANNIC ACID. 

AOEDtTM TAimiCnM. 

C„H„0, with C„H^O,^ 

Nntgall, in fine powder, ether, each sufBcient. 

Expose the powdered galls to a damp atmosphere for two or three 
days, and afterwards add safBcient ether to form a soft paste, liet this 
stand in a well closed vessel for tweaty-fonr hoars. Then, having 
quickly enveloped it in a linen cloth, sabmit it to strong piessore in a 
snitable press, so as to separate the liqnid portion. Reduce the pressed 
oake to powder, mix it with snMcient ether, to which one-sixteenth of 
its volume of water has been added, to form again a soft paste, and 
press this as before. Mix the expressed liquids, and expose the niixtare 
to spontaneous evaporation until, by the aid, subsequently, of a little 
heat, it has acquired the consistence of a soft extract; then place it on 
earthen plates or dishes, and dry it in a hot air chamber at a tempw- 
ature not exceeding 100° C. (212° E.). 

GLTCEBITE OF TAHimr. 

aiiTOBBITTTU ACIDI TASTmOL 

Tannic acid 5 Gta. 

Glycerin 20 C.c 

Mix in a porcelain capsule and heat the mixture on a wat^r-bath, 
stirring occasionally, until dissolved. The froth which rises to the 
sorf ace must be removed. 
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OLTCERITE OF QUEBCITANNATE OF LEAD. 

OLTCEBITUH PLITUBI QUEBCITAITITATIS. 

Oak bark, in coaise powder 175 Qtd. 

Glyoerin 35 Gm. 

SolntJOQ of sabacetate of lead, sofScient. 
Water, enffioient 

BoU the bark with two liters of water for fifteen minutes. Strain. ' 
To tiie Golatnre add gradaall^ solution of snbacetate of lead so long as 
& precipitate continues to be fonued. Collect tiiie precipitate on a 
wetted moalin strainer and wash it with water until the washings are 
tasteless, het- drain, and press the magma between bibulous paper 
until enough of the moisture has been removed from it to reduce its 
weight to 05 Gm. Mix this while still moist with the glycerin. 



BISMUTH TANNATE. 

BISHtTTHI TASKAft 

Normal bismuthoos nitrate 60 Om. 

Glycerin 200 C.c. 

Tannic acid 27 Gm. 

Solution of soda, 240 Cc or sufficient 

Tritnrfite the bismuth nitrate to powder; add the glycerin and stir 
until disBolved; then gradually add solution of soda until a precipitate 
no longer forms, stirring well; waah the precipitete with distilled water 
untU the washings are tasteless; drain; add the tannic acid to the moist 
hydrate, mix well, and set aside for two hovrs, stirring frequently. 
Then transfer the mixture to a filter, wash with distilled water until the 
washings ore tasteless, and dry the product. 



SYBUF OF LIUE. 

STSUPDS CAIXTIS. 

Ijime 5 Gm. 

Sngor, in coarse powder 80 Gm. 

Water, Bofficient. 

Triturate the lime and sugar thoroughly in a moitar; then add the 
mixture to 50 C.c. of boiling water, contained iu a bright tinned-iron 
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v«Bsel, and boU for five minutes, constantly Btiniog. Dilute it with an 
equal rolume of water, and filter through irlute paper. Finally, evap- 
orate the Bymp to 100 Om. 

Notes. — Sugar forms soluble compounda with the oxides of calcium and 
Iron; hence a ^treater proportion of lime will be contained in this preparation than 
in lime water. Bngar la, however, decomposed to a certain extent by long boiling' 
with alkalies, aod although calcium hydrate does not attack the sugu as ener- 
getically as the hydrates of potaestum and sodium, the " ayrup of lime " is more 
or less discolored by the decomposition products. The darkening is greater 
when less sugar Is present; hence, the Pharmacopceia directs the use of only & 
portion of the water during the boiling, the remainder being added afterwards. 
The boUiug should not be prolonged beyond the time stated. 



SACCHABATED OXIDE OF IBON. 

FERBUH OXTDATUH 8AOCHASA.T17U SOLUBILE; O. 

Solution of ferric chloride (1.281 Bp. gr.) ...... 300 Gm. 

Sodium carbonate 240 Om. 

Solution of Boda (1.16 sp, gr.) 240 Gm 

Sodinm bicarbonate 90 Gm. 

Sugar 90 Gm. 

Sugar, in fine powder, enfficient 

Dissolve the 90 Gm, of engar in 90 Cc. of water. Add the solution 
of ferric chloride. Dissolve the sodium carbonate in twice its weight 
of boiling water, filter, and let the solution become oold. Then pour 
the sweetened solution of ferric chloride slowly and with constant stir- 
ring into Uie cold solution of sodium carbonate. After effervescence 
has ceased, add the solution of soda. When the precipitate has redis- 
Bolved, add the sodium bicarbonate, immediately followed by 6,000 
C.c. of boiling water. Set the mixture aside until the precipitate has 
subsided perfectly. Then decant the sapematant liqoid. Wash the 
precipitate twice by decantation with boiling water, using 4,000 C.c 
each tim& Transfer the precipitate to a mnslin strainer and continue 
the washing with hot water nntU the washings no longer give a decided 
precipitate with test solution of sUver nitrate. Press out the water 
from the magma as far as practicable. Mix it intimately with 500 Gm. 
of powdered sugar, dry the mixture in a capsule over a water-bath, and 
powder it. Then add enough powdered sugar to make the final prod- 
uct weigh 1,000 Gm., and mix well. 

Wotea.— The ferric hydrate which ia first precipitated from the fenic chlo- 
ride by the sodium carbonate combines with sugar, and the compound formed is 
Boluble in water and In alkaline Hqnids. The soda solation remssolves It. But 
as it Is insoluble la saline solutions the addition of sodium bicarbonate re-predp- 
ItateB It. The addition of boiling water, immediately after this re-precipitation, la 
to render the precipitate denser. The washing is discontinued before all uie 
sodium salt is removed, because otherwise the precipitate would dissolve In the 
trash water. 

The prodoct contains about 3 per cent of Iron. 
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SODIUM SANTONINATE. 
soon SAHTOKIHAS. 

2NaCuH„O,.7H,0=698. 

Santonin ICN) ' 

Solution of Hoda S50 < 

Water 100 ' 

Mix and digest nctil dissolTed; filter, set in a cool place to 

Evaporate the mother liquor to recover more, as long as I 

obtained are oolorless. 

Keep it in a tightly corked bottle, and protected from thi 
Recover the remainder of the santonin from the last mc 

by aoidnlatingwith hydrochloric acid, when it will separate in 

form. 



AI.BUHZNATED OAnTONIHATB OF BOT>IU 

Santonin 10 ' 

Sodium bicarbonate 40 i 

Dry soluble albumen 20 < 

Water. 500 ' 

Digest together at 60^ C. (140° F.) until dissolved. FHie 
rate by gentle heat Spread it on glass plates to diy. 
Brilliant pearly scales, soluble in water. 



db.Googlc 



db.Google 



PART III. 



ANALYTICAL CHEMISTRY. 



D,B,i..ab,Google 



D,B,i..ab,Google 



ANALYTICAL CHEMISTBT. 



QUALITATIVE ANALYSIS. 



CHAPTER XXIX. 



IHTBODTTCTOBT. 

In the foregoing chapters the student has become acqnointed wiilt 
important tests for the identification of Tarioos common snbstanoes; it 
now remains io show how the seTeral bases and acids of a complex miz- 
tnre can be detected. It rarely happens in the course of an analysis 
that an element is separated oat as each, but its presence is proven by 
the appearance of some characteristic compound known to contain it. 
SilTer, for instance, is usually recognized by its chloride. If the addi- 
tion of hydrochlorii! acid to a solution produces a white c^trdy precipitate, 
the evidence is pretty strong that silver is present. If this precipitate 
is insoluble in hot water, and does not blacken on addition of ammonia 
water, the evidence that it is silver chloride is complete, tor the opera- 
tions jost named exclude the chlorides of mercury and lead, which, 
under certain circumstances, precipitate with silver. No other body 
behaves in this manner when treated with hydrochlorio acid. 

Nor is it, as a rule, possible by a qualitative analysis to learn how 
several bases and acids are combined in a mixture. Tests may prove 
the presence, in a solution, of copper, zinc, iron, a nitrate, a chloride 
and a sulphate, but they do not tell us which is the nitrate, which the 
chloride, or which the sulphate. 

In analyzinga mixture many of the tests mentioned above are applied, 
but to be of service here they must be applied in a certain order. Under 
the head of Calcinm Compounds it was shown that ammonium carbonate 
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givee, with solntions of caloinm salts, & -wliite precipitate, and this was 
spoken of as a test. Bnt ammonium carboaate gives white precipitates 
with solutions containing barium, strontium or zino galte as well, and 
hence we can regard it as a certain test for calcium only when we know 
that the metals mentioned (and others) are absent. 

For the purposes of qualitatiye analysis the metallic elements are 
divided into groups, which are then further subdivided until special and 
characteriatio tests can be applied for each substance. These groups 
are purely artificial, and can be compared to the groupings in the ana- 
lytical key to a system of plant analysis. 

Several difFerent classifications have been proposed, and of these 
the one described in the following pages has been found most generally 
satisfactory. The principles of this classification can now be explained. 
Suppose we have a solution containing a large number of elements, and 
add to it hydrochloric acid in excess; a precipitate forming under these 
circumstances consbts of AgCl, FbCl, or Hg^Cli, or all of them; and we 
speak of silver, lead and mercury (in mercurous compounds) as forming 
a group, not because they resemble each other, iu general, more than 
they resmnble several other elements, but because in this special instance> 
and tor this special purpose, their behavior is the same. Hydrochloric 
acid precipitates them, while it does not precipitate other elements. 
From our complex mixture we have separated, tberef(««, the group of 
inaohtble chlorides, and have 



fAgCl. 



Precipitate A FbCl^ 
[Hg,Cl, 

The acid solution from which these are filtered contains other ele- 
ments, a part of which can be throvrn out by adding hydrogen eol- 
phide in excess. Suppose this done, and a precipitate form^ and 
filtered off. This will contain PbS, HgS, Bi^„ CuS, CdS, As^„ Sb^, 
and SnS (possibly SnSg and 8b,S() if the corresponding metals were 
present. A small amount of lead sulphide appears here becaose the 
chloride as thrown down in the first gronp, is not absolutely insoluble, 
and mercury, if present in a mercuric salt, precipitates here and not as 
a chloride. SOver, also, would be thrown down as a sulphide bad it not 
been eliminated befora By the operation just described we have 
separated another large group from our complex mixture, or, according 
to the usual classification, tv-o grotipa, as the sulphides of lead, mercury, 
copper, bismuth and cadmium are readily distinguished from tlie 
sulphides of arsenic, antimony and tin by a reaction soon to be explained. 
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We have, then, tlie snlphidee of group U: 
fHgS. 

Pba 

Bi,S, 
CnS. 

oas. 

and tile sulphides of group HI: 

f A^Sr 

Precipitate ■{ SnS. 

[ ShSr 

Ve ate ready now to separate s fourth group from the filtrate after 
ihe treatiiMiit with H,9. This can be done by making it alkaline with 
ammonia water and passing in more H^S, or by adding ammonium 
sulphide, which amounts to the same thing. In thia way a group of 
sulphides is obtained from an alkaline solution, while before, the snl- 
phidea were separated from an acid solution. The group so obtained 
is rotber large, and some authors prefer, therefore, a different cx>nrsa 

The filtrate is boiled to eliminate the H,S dissolved in it, treated 
with a little strong HNO, to oxidize certain elements it may coot^n, 
and then made alkaline with NH^OH, in slight ezce^. 

Supposing iron, alnmifiiunt ^d chromium compounds present, the 
ammonia water would precipitate their hydrates, Fe,(OH)„ Al,(OH), and 
Cr,(OH)^ Under certain circumstances smaller amounts of other sub- 
stances can precipitate, but this will be explained in its proper placa 

We have then ttie hydrates of group IV: 



f Fe,(OH), 



Precipitate -! Alj(OH)^ 
I C>i(OH), 

ThS alkaline filtrate from these hydrates is next treated witli 
ammonium sulphide, and we obtain — provided nickel, cobalt, manganese 
and zinc were present in Uie original mixture — the sulphides of group V : 
f NiS. 



Precipitate 



CoS. 
MnS. 
ZnS. 



These sulphides do not precipitate from an acid solution; hence 

they could not appear with the sulphides of the second and third groups. 

.^e filtrate from the last precipitate is treated with a solution of 

ammonium carbonate, which throws down the carbonates of calcium, 

barium and strontium, if compounds of these metals are present 

We have then from group YIl 

f CaCO,. 
Precipitate -I BaCOj. 
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We liave left now a Teeidne in the filtrate irhioli may be spoken of as 
group VH. To this belong magneainin, sodium, potaaainm and ammo- 
nium, but no reagent precipitates all of them. The presence of these 
elements must be shown hy special tests, and it is obvious that ammo- 
nium cannot be looked for here, as its hydrate and carbonate have 
been added above. A special test with some of the original subetanoe 
is in this case necessary. As will be observed, only the commoner metals 
have been mentioned in the foregoing. QcAd and platinum, if present, 
would appear with group III, uranium in group IT, thallium in group 
I, and lithium in groups YI and VTI. These elements will not be con- 
sidered in the following. 

The general relations of the groups are shown in this diagram: 
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A« 
Pb 
Hg 








NH^OH precipitates group 




IV 

F« 


A. 
Sn 
Sb 


Cu 
Cd 
Bi 
Pb 
Hg 
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(NH^tjCO, precipitates group 




VI 


Co Al 


The residue is group 
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Mg 
K 

Na 
NH, 


Co 
Bs 

Sr 


Ni 
Md 
Zn 


Cr 
1 





As a practical illostration of this subdivision, let the student analyze 
a solution containing email amounts of mercuric chloride, arsenoiis 
chloride, ferrous chloride, zinc chloride, calcium chloride, magnesium 
chloride, and ammonium chloride. This solution contains representa- 
tives from each group but the first, which, we will suppose, has been 
taken out. 

To analyze this, dilute a portion with water and pass in H^S as 
long as a precipitate forms, which consists of HgS and As^j. Filter 
this oft and boil it in ammonium sulphide solution, which dissolves the 
arsenic sulphide, but not the mercuric sulphide. Filter again. 

Mercury may be proven in the residue by dissolving it in aqua 
regia, boiling off excess of acid, diluting with water, and placing in the 
solution thus obtained a piece of copper. The amalgamation of this 
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proves the mercuiy. To prove the sraenic: concentratie the sulphide 
solntioQ by evaporation, treat it with an excess of nitric acid to decom- 
pose the sulphide, then neutralize the acid with sodium carbonate and 
evaporate to complete drTuess. The residue i» carefully mixed with a 
flux containing about equal weights of NaNO, and Na,CO, and fosed 
in a porcelain dish or crucible. The mass is allowed to cool, dissolved 
in water, and neutralized exactly with HNO^ Solution of AgNO, is now 
added, which produces a red precipitate of silver arsenate. 

We go back now to our first filtrate. This is boUed to remove 
excess of H,S, treated with HNO, by boiling, to oxidize the iron 
(however present, iron would be left in the ferrous condition by action 
of the H,S), and then with a slight excess of NH^OH and a litde 
NHjCI. (This is added here to prevent the precipitation of the 
magnesium by the ammonia water.) The iron is precipitated as 
hydrate. This is filtered ofF, vrashed, dissolved in HCl, and the solu- 
tion thus obtained is treated with a few drops of solution of K,FeCy(. 
A deep blue color proves the iron. 

To the filtrate from the iron add (NHJ^. This precipitates white 
zinc sulphide. To further prove the zinc, dissolve the precipitate in HG1> 
evaporate nearly to dryness, take up with water and add solution of 
EjCiO^. Yellow basic chromate of zinc precipitates. 

Concentrate the filtrate from the zinc sulphide, filter off any sepa- 
rated sulphur, add NH,OH and (NH(),CO^ warm and allow to sttmd. 
Calcium carbonate precipitates, and after some time can be filtered off. 
Confirm Ihe calcium by dissolving this in HCl, making slightly alkaline 
with NH^OH, and precipitating as oxalate with (NHJ^CtO,. 

To find the magnesium, add solution of HNa^FO, to the filtrate 
from the calcium carbonate. The magnesium separates, usually 
very slowly, as finely crystalline ammonium-magnesium phosphate, 
NH,Mg(P0,).6H,0, NH,OH and NH^a having been previously added. 

Ammonium most be looked for in the original solution. To this 
end add to a portion of it a little pure EOH or NaOH solution and 
boil In the escaping vapor the liberated gas can be recognized by its 
odor, or by its action on red litmus paper. 

A complete analysis would be carried through as just outlined; it 
would be necessary, in addition, to test for several elements in each 
group, instead of one. 

No satisfactory division of adda into groups can be made, aud, as a 
rale, special tests are employed. These usually follow the tests for 
metals, and will be given here in that order. 
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CHAPTER XXX. 



AOTUAI. AHAI.T8IS. 



A. PrelimiiiaTy teste. These frequently give the onalyBt a clew to 
be followed in the main portion of the -work 

(a). If the Babst&nce under examination is a metal or an alloyt 
itfl color, density and hardness should be observed 

Yery heavy alloys may contain gold or platinum. Aln- 
roiniwro, now frequently used, imparts lightness. 

Very white alloys probably contain silver or nickeL 
Lead, cadmium, antimony, tin and bismuth have a grayish 
tinge, while gold or copper would be iadioated by*a yellow 
or bronze color. 

Alloys containing much bismuth or antimony are usu- 
ally britUa 

If on treatment with strong HNO, the substance does 
not dissolve, but passes into the condition of a fine insoluble 
powder, antimony or tin is indicated, 
(h). Olosed tube test. Where the substance is solid, but not an 
alloy, introduce a small portion (powdered) into a closed 
tube having an internal diameter of 6 Mm. and a length of 
about 8 Cm. Heat strongly in the flame of a Bunsen 
burner. 

Water may be given off, indicating water of crystalliza- 
tion, mechanically held moisture, or decomposition of 
organic matter or a complex salt containing O and H. 

Oases or vapors may be given off, showing presence of 
CI, Br, I, O, COh S0„ etc. 

Blackening may occur, indicating the carbonization of 
organic matter, which is usually accompanied by the evola- 
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tion of vapors having a " burnt " odor, or the deoomposition. 
of a salt forming a blaok oxide, as CnO. 

A enblimate maj form, indicating Hg, Ae, S, etc. 
Mix a small portion of the powder with an equal weight of 
diy Nb^CO,, then moisten slightly and place in a little 
cavity scooped in a piece of cbarcoaL Heat the mass some 
minTites in the inner blowpipe flame. 

By this operation a metallic bead may be produced, 
from whose physical properties an inference may be drawn. 

Co, Fb, Ag, An, Sb, Sn, Bi and Cd are redaced in this 
way, and when alone can often be recognized by the bead. 

Sconetimes a portion of the metal oxidizes, and thus 
produces an incrust(Uion around the cavity. By the color 
of this incrustation and its position the presence of certain 
metals may be indicated. 

A few points may be thus tabulated : 



Cm. 


Au. 


Ag- 


Pb. 


Sn. 


Bb. 


A red bead 


A yeUow 


White mal- 


Grayish - 


White glo- 


Gray brit- 


somewhat 


bead, eadly 


leable bead. 


white glob- 


bules, not BS 


tle globules, 


difficult to 


malleable, 




ule with 


readily re- 


which read- 


fuse. Pro- 


without in- 


tatlon. 


yellow in- 


duced an Pb; 


11 y oxidize 


dnces yel- 


cmstation. 




cruBtatioD. 


malleable. 


when hot. 


low alloys 






VeryBoft 


lucniBtadon 


White In- 


with other 








yellowish 


crustation. 


metals. No 








when hot. 




incmstatlon. 








white when 












cold. 1 



S. Solution. Afi most analytical tests are carried out on solutions, 
it is an important matter to choose the proper solvent. 

Hany substanceB dissolve in water, and where this is possible it is 
usoally the best solvent. Next to water, dilute hydrochloric acid has 
the preference. Of coarse, lead, silver and mercurous compounds 
cannot be brought into solution in this way. Many substances not 
soluble in dilute hydrochloric acid dissolve in strong, especially when 
warm. 

Where water and hydrochloric acid both fail to effect a solution, 
nitrio a^d must be tried. 

This is frequently necessary in presence of metals of group L 

Finally, there are a few cases where aqua regia must be employed, 
and here, and in the case above, it is well to remove the excess of acid 
1:^ evaporation before going on with the regular tests. 
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In the great majority of practical oases with iriiich the snalyst has 
to deal, water and hydrochlorio acid are the oflly solvents reqaiied. 
Where a portion of a compotmd is solable in water and the remainder 
in hydrochloric acid, it is often best to make two analyses, — one of the 
water solutico, and the otiier of the acid. 

C. Supposing now the solution made by one or the other method, 
we can proceed with the aotoal analysis. 



CHAPTER XXXI. 



AITALYSIS OF OBOUF I.* 

To a small portion of the solution add a little HCl, if not already 
present, and shake. 

If no precipitate forms pass on to groap II. If a precipitate forms 
add HCl to the whole, shake and allow to stand a short time withont 
heating. Now filter and wash once with cold water. Save the filtrate 
and washings for the test of group H. 

The precipitate on the filter may consist of PbCl^ Aj^Gl and Hg,Cla, 
and the separation depends on these differences; 

1°. FbClj, although bat slightly soluble in cold water, is oom- 
pletely eolabte in hot, while AgCl and Hg,Cl, are instduli^e 
in both. 
2°. AgCl is soluble in NH.OH, whQe HgjCl, is not 
3°. Hg,Cl„ while not soluble in NH,OH, is converted by it into 
another and qnite characteristic compound. 
Poor boiling water on the filter and repeat this operation several 
times. The lead chloride dissolves and washes throngh. It can be 
detected by concentrating and then cooling the filtrate, when fine needle- 
shaped crystals appear, or by adding dilute H^O^ which precipitates 
the Pb as a fine white powder, PbSO,. 



u this groop with a Bolution containing AgNOi, 
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In case mucli Pb is preeent it is beet to remove the prei 
chlorides from the filter and boil thoroogbly with water, then Sii 
and wash as before. In this way one can be sure of remoirfn) 
PbCV 

The residue ie now treated with moderately strong NH,OI 
can be done by pooring on the filter, and repeating the oper&t 
or twice. It is not necessary to remove all the AgCI which 
present. To prove the latter, neutralize the XH.OH filtrate wit] 
when, if it contained AgCl, this will be thrown oat in the cl 
istic form. 

After the treatment with NH^OH, Hg,Cl„ if present, wonl<: 
as a black oomponnd having the composition of Hg,CINH^ Tl 
this can be readily shown by drying, mixing it with Na,CO^ and 
the mixture in a closed tube. Hg snblimea and condenses 
colder portions of the glass in characteristic globules. 



CHAPTER XXXII. 



Through the filtrate from group I, or the aolntiou in wb 
failed to canae precipitation, pass a current of washed h 
sulphide, to complete saturation. If a precipitate forms, a 
gas to bubble through until a clear or nearly dear liquid stai 
the subsided' sulphides. 

Then filter and keep the filtrate for group lY, 
Wash the precipitate twice with distilled water, rejec 
washings. 

* The Btndeut should try the separation of groaps II and 111 with: 
containing HgCl„Pb(NO0„BI(NO,)sp CuCU, CdCl,, AsCl,.8nCI, and 
other salts which will not precipitate each other. The solution must be 
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JUm precipitate may contain the snlpbides of groups U and HI: 
in an extreme caae the sulphides of Hg, Pb, Bi,Ca, Cd, As, Sb and Sn.* 

The two groups are separated, as explaiited Bome pages back, by 
treatment with (NH,)^, or with solution of NaSH in cortain casets. 
Boil the precipitate with the (NH,),S solution, and filter if a residue is 
left The filtrate contains group HI, which is taken up in the next 
«hapter. Wash the residue with water, transfer it to a porcelain dish, 
and boil with dilute HNO^ 

If everj'thing dissolves, Hg is absent If a residue remaioe, Hg 
may be present as sulphide. By long boiling with HNO^ especially if 
strong, HgS beocunes converted into a white but insoluble compound, 
2HgS.Hg(N0,),. This rcBembles the sulphur usually liberated at 
the same time, in consequence of which one ia often at a loss in 
affirming the presence of Hg from the appearance of the residue. In 
any case filter, wash the residue with water, boil it with aqua regia, 
nearly neutralize the solution obtained with a little NH,OH, and place 
in it some pieces of bright oopper wire or foiL If these become coated 
with a whitish deposit, the presence of Hg if shown. By drying and 
lieating the copper in a glass tube the Hg is driven ofF, and collects in 
droplets above. The residue, insoInUe in HNO„ may contain some 
FbSO, from the oxidation of PbS, and some SnO, from the oxidation 
of the tin sulphides, as these do not always dissolve readily in (NHJ^ 
To detect these metals, use only half the residue for the Hg test, and 
fuse the other half with a mixture of KCy and Na^CO^ Dissolve the 
fused mass in water, and if a residue consisting of metallic globules 
remains, Pb is indicated. A metallic "powder remaining would suggest 
Sn. In either case boil with HNOig and, if anything remuns, filt^ 
and treat the filtrate with H,SO, for Pb. A white powder on the filter 
would be metastannio add. 

The filtrate, after the first treatment with EQfO, above may contain 
Fb, Bi, Ou and Cd. To detect them, evaporate off most of the acid, 
add dilute H,SO^ and allow to stand some houra If a white precipi- 
tate has settled out, it consists of FbSO,. Filter if oS, and add to the 
filtrate an excess of NH^OH. This precipitates Bi, Cu and Cd as 
hydrates, but redissolves the Cu and Cd. A white fiocculent znass 
remaining coDsieta of BiOOH or BiO,H, — provided lead had been 
thoroughly separated before addition of NH,OH. 

To confirm Bi, filter this off, dissolve it in a few drops of strong 
HCl, and pour the solution so obtained into a large quantity of water 

*Ia practice, the color of the precipitate is ofleo. a osefal IndicBtion. If 
it is slemoDvellow, Cd or As Ib indicated. An orauge yellow indlcatei Sb,aiida 
brown Bn. In either of tbesa cues the absence of a black color or dirty browniali 
black Is a pretty sure Indication of abaence of Pb, Cu, Hg or BI, as the eulpbidee 
of these metala are black, aad but a small amount ie aecessary to obscure the yellow 
<ff oraogn sulphides. 
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in a test-tube. The Bi now precipitates as oxychloride, BiOCl, milky 
irtiite. 

llie presence of Cu would be shown by a deep blue color in the 
aminoDiBGal filtrste. To coofirm it and find Cd, add (KH,)^ to 
precipitate the snlphides. Collect th^n on a filter, and wash thoroughly 
witli water. NoWi without delay, to avoid oxidation of CuS, remove 
tiie precipitate from the filter and boil it in dilute H^SO,, 1 volume of 
acid to 5 of water. An acid of this strength dissolves CdS, but not 
CnS. Filter, and if (NHJ^S or H^S produces a yellow precipitate in 
the filtrate, the presence of Cd Is pioveiL Bissolve a residue remaining, 
after treatment with H^SO,, in a little HNO„ neutralize this with 
NH,OH, and add acetic acid and potassinm terrooyanide eolation. A 
reddish brown precipitate formed oonaiats of copper tenxKyaoide, 
Ci^FeCy, 



CHAPTER XXXIII, 



A1TAI.TSZS OP QBOxre m. 

In tiie last chapter gronpa II and III were separated from each 
Oth«:, and the first of these analyzed. We have now to deal with the 
alkaline ardphide solntion, which may contain As,S„ SnS and Sb,S„ in 
complex combinations as solphydratee, as explained among the analyt- 
ical teste for the metals. 

Evaporate it nearly te dryness, add an excess of strong HNO„ to 
decompose the eolphidea, and boil. Now neutralize by addition of dry 
Na,CX}„ and evaporate to complete dryness. The mass is next rabbed 
op with a mixture of equal parte of dry NaNO, (not KNO,) and Na,CO„ 
and fused, small portions at a time, in a porcelain crucible or dish. 
This fosioD must be conducted very carefully, as the liberated sulphnr, 
and nitrate, acting on each other, may produce unpleasant defiagrations, 
which sometimes throw portions of the moss out of the orucibte. The 
object of the fosion is to convrat the As into soluble sodium arsenate^ 
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Na^O,, the 8n into insolable atanmo oxide, SnO], and the 8b into 
insoluble sodium metantimoDate, NaSbO,. At a high temperature some 
of the SnO] would form eodium stannate, Na^uO^ which is soluble in 
water. Therefore it ia necessary to conduct tiie fusion at the lowest 
possible temperature. When completed, remove the mass by pouring, 
or with a glass rod, to a porcelain plate, allow it to cool, then powder it 
and treat with water. The sodium arsenate dissolTes along with the 
excess of nitrate and oarbonate used, and the snlphato formed. Filter, 
and wash thoroughly with a mixtore of alcohol and water. The 
alcohol is used to prevent solubility of the antimony cxHupoimd. 

Treat the filtrate, without the alcoholic washings, with a gliglU exoes» 
of HNO„ and boiL To a portion of the solution add NH,OH, and then 
magnesia niixtnia The presence of arsenic is shown by the formation 
of a white crystalline precipitete, NH,MgA60j.6H,0. 

Another portion of the solution is neutralized with NH,OH, and 
then treated with AgNO, in excess. If arsenic is present, brick-red. 
silver arsenate, Ag,AsOt, is formed. (This is frequently obscured by 
AgCa, as chlorides are nsnally present from some previous operation.) 
A third portion of the solution may be tested in the Marsh apparatus. 

To find Sn and Sb in the residue from, the fusion, dissolve it in a 
little strong HCl, and poor the solution in a Marsh apparatus which 
has been in operation long enough to expel the air. Light the escaping 
gas and hold a piece of cold porcelain in the flame. If "black spots 
form, and they are insoluble in solution of bleaching powder, antimony 
is proven. 

If the gas be aUowed to pass into a solution of AgNO^ a black 
compound containing silver and antimony, Ag,Sb, is preoijutated. The 
action in the Marsh apparatus has been e^ained when treating of 
metallic antimony and its compounds. 

By the action of zinc in the apparatus, tin would be rednoed to the 
state of a metal To find it, pour off the supernatant liquid, remove 
any undissolved zinc, and wash any residue remaining with water. 
Dissolve it in HCl, and add a solution of HgCl^ The formation of a 
white precipitate changing to gray shows the presence of stannous 
chloride, 9nCl^ The precipitate oonsiste of HgjCl,, mixed with metallic 
mercury if the SnCl, is in excess, and is produced by reduction of 
HgCL,, as shown by these equations: 

2HgCl,+SnCl,= HgjC!l,+SnCa.. 
Hg,Cl,+SnCl, =Hgj -l-SnCl,. 

It can be further tested by heating it with NH,OH, when the 
black compound described in analyzing group I will be pioduoed. 
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CHAPTER XXXIV, 



AHAIiTSIB OP OBOUF IV.« 

The octdoa of hydrogen sulphide on certam oompotmds of iron and 
chromium mnst be explained here, aa these metals belong to thia group. 

If HgS is passed into an acid eolation contaimng ferric ealts, ehro- 
mates or bichromates, these compounds ore reduced, the ferric salts to 
ferrooB, and the chromates or bichromates to salts of chromimn. These 
changes may be represented as follows: 

2FeiGl,+2H,S = 4FeC!l,+4HCH-Sj. 
K,Or A+8HCH-3^S= CrjCl.+ 2KC1+7H,0+Sf 

The enlphnr is separated in both cases in a very finely divided con- 
dition, and passes throngh ordinary filter-paper. 

Chromiom present as a ohromate mnst therefore be reduced to be 
found omcHig the metals, and iron, however present, is left as a fenoos 
salt after the treatment with H,S. 

To go on now with the analysis of group IV: 

Bml the filtrate from gronps II and III, or the solution in which 
H^ has failed to produce a precipitate, ontil the gas has been driven off, 
then add a little strong HNO, and boil agaiiL This converts the fer- 
rous into a ferric salt, which is necessary for the next process. 

NH,OH is next added in slight excess. 

This precipitates group IV completely, as hydrates. It precipitates 
group V, but redissolves everything excepting a little manganese 
hydrate, which by the action of the oxygen of the air has become con- 
verted into a brownish hydrated peroxide of manganese, insoluble in 
HfSflH. Vfe may also have here a precipitate of phosphates, borates 
or oxalates of the members of group IV, V or VI. These salts, 
being soluble in acids, remain in solution until the reagent is added to 
throw down group IV. Neutralization with NH.OH simply makes 

'Thestudeut can practice the analTSis of group IV with aaolutioa containiag 
the aulphatAS of Iron, aluminium and chromium, a little calcium phoeplute 
dlBBolved la HCt, and a little maoganeso sulphate or chloride. 
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their precipitatdon possible, aod ia tlus way the proce^ becomes some- 
wliat complicated 

Filter, save the filtrate for group Y, aod trash the precipitate with 
water. Its color may give an indication ot what is present If pure 
white, iroD and chromitun must be absent, aluminium hydrate or some 
borate, oxalate or phosphate may be present A red color indicates 
ferric hydrate, and a greenish chromic hydrate. 

If in the analysis of an nninown substance preliminary acid tests 
have shown the absence of phosphates, borates and oxalates, proceed as 
fdlows: 

Dry the precipitate and fuse it with a mixture of equal parts of 
B^Oj and KajCO,, using about five parts of the mixture to one of the 
precipitate, in a small porcelain dish or crucible. By the fusion iron is 
left as insoluble oxide, chromium is cooverted into soluble potassium or 
sodium chromate, KgCrO, or NagCrO^, aluminium into a soluble alu- 
minate, K,A10„ and manganese into a soluble manganat«, E^MnO,. The 
color of the fused mass may show what is present, as the chromate is yel- 
low, the alnminate white, the manganate green, and the ferric oxide red- 
dish brown. If more than one is present the colors may be so blended 
as to give no certain test 

IHssolve the fnsed mass in water, after cooling, and if a residue 
remains, filter it off and test a portion of it for iron by dissolving in 
HCl and adding potassium ferrocyanide, K,FeCy„ which precipitates 
Prussian blue, ferric ferrocyanide, Fe,Cy,g. 

In presence of manganese the filtrate will have a green color suf- 
ficient to obecure the pale yellow of the chromate. Divide it into two 
portions, boil one with acetic acid, and add solution of lead acetate, 
PbfCjHgO^]. A yellow precipitate formed consiste of lead chromate, 
PbCrO,. A white precipitate of lead sulphate frequently appears here 
from the presence of sulphates in some ot the reagents used. 

Acidify the other portion of the filtrate with HCl, add NH.OH in 
slight excess, and boil; the formation of a white gelatinous precipitate 
shows the presence of alimiininm. 

In presence of phosphates, etc., the following method of separation 
wUI generally be found sufiicient: 

Precipitate with KH,OH, collect, dry and fuse the precipitate as 
before. 

Digest with water, filter and test the solution for Cr, Mn and Al as 
before. 

Divide the residue into several portions. Treat one of these by dis- 
solving in HGl and adding K,FeCye as before, for Fe. . 

Treat a second portion ot the residue with a slight excess of dilute 
aoetio acid by beat, filter said add to the filtrate an excees ot (NHJ ^O^ 
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A white precipitate appearing bow would show presence of Ga, Ba or 
Sr as oxalates. DiEsolve suah a precipitate in dilute HCl, and add to 
the soIntioQ some dUnte H,jSO,. A white precipitate forming now, 
immediately or on standing, indicates Ba or Sr. 

To the filtrate from this, or to the liquid not precipitated by H,SO„ 
add NH^OH to alkaline reaction. If this produces a white precipitate 
Ca is indicated. 

The residue from the fusion above may still contain maguesinm. 

Treat what is left of it with dilute HCl and filter. Add to the filtrate 
some NHjCl aifd NH^OH to alkaline reaction. Filter again, and add 
the filtrate to that to be treated for groups V, VI and TH. 



CHAPTER XXXV. 



AITALTSZS OF GBOUP V.* 

Boil the filtrate from group lY, or the solution which has not been 
precipitated by the reagents of the preceding groups, add to it (NH,)iS 
and boil i^;aiu thoroughly. This is necessary to bring about complete 
precipitation. 

The precipitate may contain nickel sulphide, NiS, cobalt sulphide, 
CoS, manganese sulphide, MnS, and ziuc sulphide, ZnS. If it is pure 
white it can contain only ZnS; if flesh colored it may contain MnS; if 
black it most contain either CoSorNiS. (As thelatterisnotabaolutely 
insoluble in (NH,)jS, even after boiling, the supernatant liquid generally 
appears brown when it is present This shows strongly in the filtrate, 
and is in itself a good indication.) 

Filter and keep the filtrate for group TI. Wash the precipitate 
with water, remove it from the filter, and treat with cold dilute HCL 
This dissolveB the sulphides of manganese and zinc, but not those of 

* The itudent can analyze for practice In thia group a solutloD coDtalnhig 
the anlpbates, nitrates or chlorides of nickel, cobalt, manganeee and zinc. 
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nickel and cobalt. After a time filter again, if a residue remains, and 
treat the latter in this way: 

First, dissolve a little of it in a borax bead.' With cobalt this 
becomes deep bine; with nickel, reddibh brown. As one may be 
obscured by the other it is necessary to make special tests for that not 
shown by the color. To detect nickel, dissolve the residue in aqua reqia, 
evaporate nearly to dryness, and then add strong solution of KCy until 
a precipitate, formed at first, redissolvea. The solution contains now 
a double cyanide of nickel and potassium, NiCyj.2KCy, or cobalt and 
potassium. CoCy,.4KCy. The latter compound is stable, and it boiled 
with a solution, of a hypochlorite or hypobromite is not reduced, while 
the former by similar treatment yields black nickelic hydrate, Ni}(OH)^ 
Treat the solution, therefore, with fin excess of goodKaOCl solution, and 
boiL A block precipitate proves the nickel. 

To find cobalt where the bead shows only nickel: Dissolve the 
sulphide residue in aqiia regia, drive off most of the free acid by evap- 
oration, add strong solution of KNO^ and then acetic acid in excess. 
AJlow to stand in a warm place. If much cobalt is present it comes 
down very soon as a yellow precipitate. A small amount may be seen 
only after hours. 

The manganese and zinc possibly contained in the HCl solution are 
now to be looked tor. Boil out the H^S present, and make alkaline 
with an excess of NaOH. Both metals would precipitate as hydrates, 
but the Zn(0H)2 dissolves in an excess of the precipitant. 

IT a residue remains fiJter it off, dry it, and test for manganese by 
fusing with KNO, and Na^CO,. A bluish green color proves it. Test for 
zinc in the alkaline filtrate by passing into it H,S after acidifying with 
acetic acid. A heavy white precipitate proves zinc as sulphide, ZnS. A 
light precipitate may consist, wholly or in port, of separated sulphur. 
In such a case it is necessary to apply a special test. Collect the pre- 
cipitate, dissolve it in HCl, evaporate nearly to dryness, add water, and 
then solntion of K^CrO^ . If zinc is present a yellow basic chromate, 
Zn(OH),ZnCrOj.H20, is precipitated. 

Zinc can likewise be confirmed in this way: Decompose a little of 
the sulphide with HNO„ evaporate to dryness, and f u^e on charcoal 
vrith NajCOp Now add & drop of Co(NOJ, solution and fuse again. 
A green color indicates zinc. 
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CHAPTER XXXVI. 



AKAX.T8IS OF GHOITP TI.* 

The filtrate fiom group Y is nsnallj too dilate for the teste of tluB 
gronp. It should, therefore, be evaporated to about one-third its bulk. 
Solphnr frequently separates by this operation. It shoidd be allowed 
to settle and then filtered off. 

To the filtrate from group V so prepared, or to the solution in vhich 
DO precipitale has formed by preceding tests, add NH,OH, NH,C1 and 
(NHt)]COp If a precipitate forms it may contain CaCO,, BaCO, and 
SrCOp The NH^Cl prevents the precipitation of MgCO,. Filter, keep 
the filtrate for group YII, and wash the precipitate several times with 
water. Dissolve it by boiling with acetic acid, add to a small portion 
of the liquid a solution of KjCr,On boil, and allow to stand a short time. 

If a precipitate forms treat the whole solution in this way, allow the 
precipitate to settle, and filter it off. It oonsista of barium chromate, . 
BaCiO,. 

To the filtrate add NH.OH and (NH,),CO, to re-precipitate carbonates 
free from the K,Cr,Oj. Filter, if a precipitate forms, and dissolve again 
in acetic acid. We have now a solution free from, bariiun which may 
contain calcium and strontium as acetates. Add to this a solution of 
SjgO, containing about one part to 200 of water. If a precipitate forms 
aft«r standing it consists of SrSO,, as calcium sulphate cannot be thrown 
down by such a dilute solution. As the precipitate settles very slowly 
it must be allowed to stand an hour or more before filtering. Finally, 
ponr through a filter, and test the filtrate for calcium by addition of 
(NH,),CiO,. A white precipitate formed now consists of calcium 
oxalate CaC,0.. 

Of the several methods proposed for the analysis of this group this 
seems togive the best results. Butcertain points mnstbecloeely followed. 

*Let the student analyze a eolutJon containing the chlorides or nitntea ot 
barium, calcium and stronuum. 

Dg,tz..b. Google 
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If bBrium ia present the precipitate of cfaromste must be thoroughly 
separated by filtering before testing tor the others. The BaCrO, ia 
frequently very finely divided, so that it may be necessary to pour back 
on the filter several times before securing a perfectly clear filtrate. 

If KjCrjO, gives no precipitate with a small portion of the acetic 
acid solution, it is of course uunecesBaiy to add the reagent to the whole, 
and in this case the strontium may be tested for directly by adding 



It occasionally happens that students have difBcolty in finding 
barium, even when known to be present in considerable quantity in the 
original mixture given for practice in analysis. If the substance must 
be dissolved in strong nitric acid or aqua regia, a portion of the B^ 
passed to precipitate groups II and III is oxidized to H,SO„ which 
throws barium or strontium down in this place.' Insnch cases it is beet 
to search for the metals of group VI, as well as other groups in a soht- 
tion made with water, or this and HCl. 



CHAPTER XXXVII. 



AUTALTSIS OF QBOUP VIZ.* 

The filtrate from group VI, or the solution not precipitated by the 
preceding group reagents, is divided into two parts. The first, and 
smaller part, is treated wiUi a solution of XH,C] (if sufficient is not 
already present), NH,OH and finally some HNajPO,, and allowed to 
stand. If magnesium is present it comes down as a fine crystalline 
precipitate, NHjMgPO,.0HjO. If the metal is present in small amount 
only, it comes down very slowly, and it may be necessary to wait several 
hours for ite separation. In any case the precipitate must be crystalliuei. 
A floccnlent precipitate which sometimes appears here in small amount 
consists of A1,(P0J^ The A1,(0H), thrown down in group IV is not 

nip can be practiced with a solution coutaloing 
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absolutely insolnbla io NHjOH. The phosphate ia less soluble Uian the 
hydraie, and eooBequentily vhen the HNa,PO, is added it prodnces a 
precipitate if A1,(0H), is present. 

If magnesinni is foiiDd it must be eliminated from ihe lai^er portion 
of the filtrate, or solution, reserved for K and Na, before testing for 

To this end evaporate Uie solution to dryness in a porcelain dish, 
and heat it strongly until faming ceases; that is, until all ammonium 
salts have been driven off. 

Add to the residue pure baryta water to strong aUcaline reaction, 
stir the mijcture thoroughly, boU and filter. To the filtrate add NH,OH 
and (NHJjCO^ in exoeas, heat to boiling, filter and evaporate this filtrate 
after addition of a little NH,C1, to dryness in a dish. Ignite the residue 
to drive off excees of ammonium salts, allow it to cool, and treat with a 
few G.c. of water. Filter again, and to one-half the filtrate add a few 
drops of PtClf solution. If potassium is present in any quantity it 
comes down as a yellow crystalline precipitate, Pt<31,.2KCl. To find 
a smaller amoimt the solution must be evaporated nearly to dryness and 
a little alcohol added.* 

To the other half of the solution add a little fresh solution of potas- 
sium metantimonate. If a crystalline precipitate forma, usually after 
long standing, it cx)nsiBts of sodium metantimonate. 

If magnesium is absent the filtrate from group "VI can be tested for 
sodium and potassium by evaporation to dryness, ignition of the residue, 
and final solution in water, as above. Of course, if nothing remains 
after the last ignition, no alkalies are present. 

The method just explained is excellent provided due attention is 
given to every point. The test for sodium is certain only when all other 
salts, except those of potassium, are absent, as they can give somewhat 
similar precipitates. A simpler method is, therefore, usually followed: 
The filtrate from group YI, after reserving a portion for magnesimn, is 
evaporated and the residue ignited as before. If anything remains now, 
treat it with a few drops of water. Dip a platinum wire in this and 
hold it in the colorleas gas fiame. Ifthe latter is thereby colored yellow, 
sodinm is present; if violet, the presence of potassium is shown. As a 
mere trace of aodiiun can give sufBcient color to the flame to obscure a 
good potassium reaction, it is necessary to observe it through deep blue 
glass (or an indigo prism), when looking for the latter. The yellow 
sodium color is in this way shut out, and if violet is present it can be 
seen. A slight yellow color should not be taken as evidence of the 
presence of sodium in the original substance, as such a color can be 

* If an iodide is present, add acid sodium tartrate iuBtead of PtCl,. 
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' obtained from the trace of the metal present in moat reagents, or in the 
air, even. 

We hare still to test for ammoniam. Take a portion of the ori^nal 
substance, add to it an excess of strong KOH or NaOH solntion, and boil 
in a test-tnbe. The presence of NH, in the escaping vapor can be 
detected by its odor, or by means of moistened test-paper. If the latter 
ia need it must be held far enough away from the tube not to be touched 
by portions of the alkaline liquid thrown out by the ebullition. 



CHAPTER XXX VIM, 



D. TEBTS FOB THE ACIDS. 



Having found the baeea by the methods of the foregoing chapters, 
we torn now to the detection of the acids with which they were prob- 
ably combined. 

It is not practicable to separate the acids in combination into groups 
by a process similar to that just given for the metals. As a rule, every 
acid coming within the scope of this work can be readily foond by 
special tests, such as were given under the discussion of the negative 
elements. It must be remembered that the results reached in the 
examination for bases give indications of the presence or absence of 
certain acids. For instance, chromates, manganates, arsenates or arse- 
nites, would yield chrominm, manganese and arsenio among the bases. 

Lead, barium or strontium found in a solution exclude anything 
more than traces of sulphates, as the sulphates of these metals are insol- 
uble in water and acids. 

If the substance under examination dissolved in acids without 
effervescence, it was free from carbonates, snlphites, thioeulphatee, 
cyanides, and sulphides. 

Bearing these points in mind, the student can proceed as follows to 
test for the acids in a compoimd of unknown origin: 
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DSTBCnOK OF SULFHATEa 

Make a Bolatioa of the Bubstaooe in dilate HCI, or in presence of 
members of group I, in dilute HNO,. Filter, if necessary, and treat 
the filtrate vith solution of BaCIi or Ba(N03)]. If a white precipitate 
forms it consists of BaSO^. This test is BufBcient for the detection of 
Bul{diates except when originally present as a barimn, lead or strontiam 
aalL 

SBTECnOK OF NITBATXS. 

Dissolve a portion of the original snbstance in water or dilate 
HiSOj, filter if necessary, and mix the solution with an eqoal volome of 
strong H,SO, in a test-tube. Cool it thoroughly, and then pour in care- 
fully, BO as not to mix the liquids, a solation of FeSO,. 

In presence of nitrates a brownish ring forms which disappears on 
shaking the tube, as already described. This test is rendered somewhat 
uncertain by the presence of iodides, bromides, chromates, maDganatee 
and chlorates. 

These strong oxygen acids can be reduced by adding to the original 
solution a sufBcient amount of H^SO,. After the reduction the excess 
of this is removed by heat, and if manganatee or chromates were pres- 
ent the metals can now be thrown out by boiling with a slight excess of 
Na,COr 

After filtering, the solution is ready for the ordinary tests. 

If bromides or iodides are present they shonld be eliminated in this 
way: The filtrate from the above or the original neutral solution free 
from chlorates, etc., is made slightly acid with acetic acid and treated 
with an excess of lead peroxide, FbO^ On boiling, this oxide decom- 
poses bromides and iodides completely, eliminating the bromine and 
part of the iodine in the free state, and the rest of the latter in the 
form of lead iodate. When starch paper is no longer colored, the reac- 
tion is complete. 

The solution is now filtered to separate excess of the peroxide used 
and iodate formed, and treated with H^ or H^SOt to separate lead in 
solution. After filtering, concentrate and test in the usual way. 

This metiiod requires considerable time, but gives good results. 

DETECTIOn OF CHLOBpES, BROMIDES AND XODIDSB. 

Make a solution of a small portion of the original substance in 
dilute nitric acid, filter if necessary, and add AgNO,. If no precipitate 
forms, members of this group are absent. If a precipitate forma. 



.l^.OO^^IC 



346 ANALYTICAL CHBMISTHY. 

it may contain AgCl, AgBr and Agl, It is best to apply special 
tests and not depend on the color of tltis. Try first the test with MnO, 
and HjSOj, as given in a preceding portion of the vork, and if this 
yields only a greenish yellow gas which has no action on Btorch paper, 
chlorine alone is present la case the gas given off is darker, bromine 
or iodine, or both, may be present, and as one may obscure the other 
the method now to be given is recommended. 

Boil a portion of the original substance, unless it contains only 
alkali metals, with solution of Xb,CO„ filter, and neutralize the filtrate 
with dilute H^SO.. 

To a portion of the filtrate add solution of CuSO^ and then an 
excess of HgSO,. If a dirty white precipitate forms, treat the whole in 
the same way and filter. The precipitate is cuprous iodide, Co^ and 
ia soluble in ammonia water. 

To the filtrate add solution of NaOH sufficient to precipitate the 
excess of copper, filter again, neutralize with dilute H,SO„ and evaporate 
to dryness. (If no copper whs added, the first solution in NagCO, could 
be used, of course.) 

Divide the residue into two parts. Dissolve the first in a little 
wat«r and add chlorine water. The formation of a red color indicatee 
presence of bromine. 

Triturate the second portion with some dry K,O,0„ transfer to a 
small retort or distilling flask, add strong H,80„ and apply heat 

If chlorine is present, it distils over as a brownish red gas, chromic 
oxyohloride, CrO,CT„ which condenses to a red liquid. This treated 
with excess of NH^OH yields yellow ammonium chromate {NI^),CrO(. 

If bromine is present it distils over in the free state, end its Boluti<»l 
becomes colorless when treated with excess of NH,OH, 

SETEGTZOir OF GABBONATES, CTAITIDES, SULPHITES. 
SULPHIDES AND THIO SULPHATES. 

Treat a small portion of the original substance with HOL If no 
effervescence is observed the above salts are absent. 

In case of effervescence the odor of the escaping gas may show what 
ia present Thiosulphates dissolve in HCl, with evolution of SO] and 
deposition of sulphur. 

The experiment should be repeated, using more of the substance, in 
a small flask or test-tube with delivery tube attached. Allow the gas to 
come into contact with moistened lead paper. If this blackens, the 
presence of a sulphide is shown. 

Pass some of the gas into good clear lime wat«r. If a precipitate 
forms and redissolves by longer passage of the gas, the presence- of a 
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carbonate is shown. If maoli SO] is present ths gas must first pass 
thioDgh Bolntion of K,Cr,0„ and then into the IJme water. 

The odor of aulphurons oxide is nsaall^ enough to identify it. In 
absence of H^S, allow a little of the escaping gas to act on a mistore of 
a few drops of FejCl, and K^FejCy,, solutions. 

The appearance of a blue color indicates the reducing action of SO^ 

This gas is readily absoibed by solution of K,CT]0„ which therety 
becomes green, owing to the formation of a chromium salt 

To detect a cyanide, make a solution of the origiaal substance in 
water or dilute acid, filter if necessary^ and add a solution containing 
a ferrous and a ferric salt. Then add KaOH in excess, and finally, 
HCl to acid reaction. If a cyanide is present this treatment produoes 
Prussian blue, which shows readily. 

The precipitate formed on addition of the NaOH consists mainly of 
ferrous and ferric hydrates, which must be dissolved by an add before 
the blue color can be seen. 



DETECTIOir OF PHOSFHATSS. 

Make a solution of the original substance in dilute HXO^ Filter 
if necessary, and add an excess of (NH^,MoO, solution. Allow to 
stand some time in a warm place. If a phosphate is present, it 
produces a pale yellow crystalline precipitate of ammonium phoepho- 
molybdate, provided enough of the reagent has been added. This 
reaction ia very delicate and characteristic A yellow color alone is 
not a sufficient indication of the presence of a phosphate. 

The other teste given elsewhere for phosphoric acid are not suiteble 
for its detection in complex mixtures. 

DETBCTIOIT OF BOBATES. 

The presence of borates is best shown by treating some of the 
original substance with strong H,SO„ in amount sufficient to liberate 
boric acid, and then adding some alcohol. A mateh is applied, and as 
the alcohol bums it shows the characteristic greenish yellow color. 

By stirring the mixture with a glass rod and withdrawing it from 
time to time, the alcohol burning on it shows the color very distinctly. 

The presence of copper may give a similar reaction. It must be 
removed by precipitation with H^. The evaporated filtrate is then 
employed for the test 

It is well to make a confirmatory test by means of turmeric paper 
and the HCl solution of the substance, Borio acid imparts a reddish, 
brown color to tnrmerio papCT. 
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DSTEOTION OF FLTTOBIDES. 

Flnorides can be found by mixing some o( tba original substance 
with strong H^SO, in a leaden dish, and applying heat. 

A piece of glass held over the esoaping fames is etched if a flnoride 
ia present 

This teat is seldom necessary. 

DETECTION OF CHLORATES. 

The reaction with strong H,SO, is a good test. To apply it, 
carefnlly add a little of the acid to the substance Tinder examination. 
The liberation of a greenish yellow gas, accompanied by an explosive 
noise, indicates a chlorate. Confirm it by converting the chlorate into 
a chloride by heat and precipitation with AgNO^ 

If haloids are already present they must be first removed by com- 
plete precipitation with the same reagent. 

DETECTIOZr OF GHBOMATEB. 

As chiomates or biohromates are rednced by H,S in the test for 
metals, the change of color of the solntton from yellow or reddish 
yellow to green is a good indication of their presence. 

As a confirmatory test, add solution of lead acetate to the aqneons 
or acetic acid solution of the original substance. 

A yellow precipitate of PbCrO, proves the presence of a chromate 
or bichromate- 

DETBCTION OP ACETATES. 
Acetates are most readily found in complex mixtnres by adding to 
the original substance some strong H,SO( and then some alcdiol. 
When heat is applied ethyl acetate is formed, which is recognized by 
its peculiar and pleasant odor. If certain volatile inorganic acids are 
present they impart at first a sharp odor, but on cooling the presence 
of the acetate can usually be recognized without difficulty. 

DETEOTIOH OF OZAI^TEB AND TABTBATE8. 
When mixed with inorganic substances these acids are best recog- 
nized by boiling some of the original substance with strong solution of 
Ka,CO,. Filter. It may be necessary now, in order to remove certain 
heavy metals which cannot be precipitated by Na,CO, in presence of 
organic acids, to treat this filtrate with (NH,)^. In this case filter 
again, acidify with HCl, and concentrate by evaporation. 
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Xow make ihis Bolntdoa slightly alkaline with NH,OH, add Bome 
NH,C1, and finally CaCli solution. Shake thoroughly and allow to 
stand. If DO precipitate forme, tartrates and oxalates are absent 

If a precipitate appearB, filter, wash it with water, and finally treat 
it with a cold solution of NaOH, in which calcium tartrate is soluble. 
If a residue remains filter again, and boil the filtrate. A gelatinous 
precipitate appearing now coosiste of calcium tartrate, Ca€,H,0„ 
which can be further identified by filtering, treating with NH.OH and 
heating with a orystal of AgNO^. If a tartrate is present silver is pre- 
cipitated as a mirror, on the sides of the tube. 

The portion insoluble in NaOH may contain aalcium oxalate. 
Wash it and heat it in a teattube with strong H,SO,. By this treat- 
ment an oxalate is decomposed, giving off 00, and CO, the latter of 
which may be recognized by burning it at the mouth of the tube. 

DETECTION OF CITBATBS. 

A citrate can be identified by several tests. A solution of Ca(OH), 
added to a solution of a citrate produces at first no precipitate, but on 
boiling one is thrown down. This reaction distinguishes citrates from 
tartrates and oxalates, as these salts are decomposed in the cold by 
Bolutions of Ca(OH), 

The precipitated calcium citrate dissolves partially on cooling. 

Alkali citrates are decomposed by solution of Ba{C^Oj)i with 
precipitation of amorphous barium citrate. On heating this for some 
boms on a water-bath it becomes crystalline, and then has the compo- 
sition 2Ba,{C^jO,)j.7HjO. The crystals are characteristic, and can 
be best examined by the microscope. 

Citrates can be detected in complex mixtures in this way: Proceed 
ae deeoribed under oxalates and tartrates. To the solution in which 
CaCl, has failed to produce a precipitate, or, after adding more GaCl« to 
the filtrate in case of precipitetion, add three Yolumes of strong alcohoL 
If a precipitate now appears, collect it on a filter, wash with alcohol, and 
dissolve in HCl. Add NH^OH to make alkaline, and boil. A white 
precipitete forming now proves citric acid, 

A further discussion of detection of acids is beyond the plan of liiis 
worL A few tests have been given in another section for identifica- 
tion of several of the complex organic acids. 

It remains now to indicate a process for analyzing several insoluble 
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CHAPTER XXXIX. 



INSOLnBLE COHPOTTNDS. 



A large nomber of natural substances and a few artificdal piodncte 
ore ineolnble in water and acids, and hence remain behind as a residue 
after preparing the Bolution for the general examination for bases. We 
will consider here only the more frequently occurring of these insoluble 
matters, Tiz. : barium sulphate, strontium sulphate, had sulphate, 
mlver chloride, sulphur, carbon, silica and silicates. 

If a careful preliminary experiment with the blowpipe and charcoal 
gives no fusible metallio globule, silver and lead need not be looked for 
here. If, however, a globnle was found, then repeat the experiment 
with a small portion of the residue, and very carefully. 

If the residt of the fusion with the blowpipe appears doabtf ul, cut 
ont the sniTouadiag portions of charcoal, powder in a mortar, and treat 
with water, which will wash away everything light A metallic residue 
can now be easily seen. If no such residue remains, lead sulphate and 
silver chloride may be considered absent. 

But when the fusion gives positive evidence of the presence of a 
metal, these additional teste may be tried: BoQ a little of the insoluUe 
substance with strong solution of KCy, and filter, if a residue remains. 
Add to the solntion or filtrate some ^NHJjS. , If a dark brown -preoipi- 
tete appears, it shows presence of silver. 

If a residue is left after treatment with KCy, it may (»ntain lead 
sulphate. Wash with water, and if it ia white add (NH,)jS directly to 
it Blackening proves the presence of lead. But if the washed residue 
is black, the lead sulphate possibly contained in it must be extracted 
by heating with solution of ammonium acetato and acetic aclrL The 
filtrate from this can be tested in the usual way. 

Test for sulphur by heating a little of the insoluble substance in a 
tube doB^ at one end. If present, characteristic vapors appear. 
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The presence of charcoal or Bome form of carbon is indicated by a , 
black color in the insolable substance. Heat a portion of it very 
strongly in the air. The carbon will bom off, leaving a ligbt-colored 

If the above teata have abown the presence of lead, silver, sulphur 
or carbon, they mnst be removed before going farther. 

Extract the lead sulphate by means of sufficient ammonium acetate, 
as above, the silver chloride by treatment with KCy, and eliminate the 
sulphur or carbou by heating the residue, after treatment for heavy 



If anything remains, dry it and proceed as follows: 

Mil the residue with 4 parts of dry Na,CO, and 1 part of KKO^ 
and fuse thoroughly in a platinum or porcelain crucible. Allow the 
masB to cool, and boil out the contents of the crucible with water. 
Filter, if a residue remains, and wash the latter thoroughly with water 
It may contain barium and strontium carbonates, and when washed tree 
from the soluble sulphate, which may have been formed by the fusion, 
is dissolved in HCI and tested in the usual manner. 

Test a portion of the filtrate for HjSO, by acidifying with HCI and 
adding BaCl, 

Acidify another portion with HCI, evaporate to dryness, moisten 
the residue with HCI, and then add water and boil. If something now 
remains, it consists of silicic acid. Filter, and examine the filtrate for 
bases which may have been in combination with the silicic acid. The 
test for alkalies is, of course, useless, as they were added in the fusing 
mixture. 

aiLICATEB. 

In examining a mineral snbstance of unknown origin, it is well to 
evaporate a small portion of the original acid solution to dryness, and 
redissolve with HCI and water. A silicate partly soluble in acid may 
have been present, and this treatment would show it. If a residue 
remains, treat the whole of the solution in the same manner, filter, and 
use the filtrate for the general tests for bases. 

When the substance for examination is known to be a silicate 
inscduble in acids, reduce it to a fine powder by rubbing in an agate 
mortar, and fuse sufficient of it in a platinum crucible with the mixture 
mentioned above, 4 parts of Na,CO, and 1 part of KNOp When the 
fosiou ia complete, which is the case when the mass seems to boil 
quietly in the crucible, cool the latter quickly by placing it on a cold 
iron plate. The contents can then be removed without difficulty. 
Keep a portion for acid testa, and warm the remainder with dilute 
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HCl, evaporate to drTness, add waier and acid, filter off the separated 
silica, and vne the filtrate for tests for the metals. 

To find the alkalies in an insoluble silicate, poTvder it as before, and 
heat to bright redness in a platinum crucible for about an hour, with a 
mixture of 6 parts of pure CaCO, and \ part of powdered KH,C1. 

The contents should be brought nearly to the fusing point, bat not 
actnallj fused. When cold, the mass is heated with water for some 
time and the liquid is filtered The filtrate contains the alkalies and 
calcium hydrate and chloride. These are removed by treating with 
NH,OH and (NH)jCOj, wanning and filtering. 

The filtrate is evaporated to dryness. The residue is heated strongly 
to drive off ammonium salts, and then dissolved in water. (NH,),CO, 
and (NH,),C,0„ in small amount, are added, the solution is filtered and 
evaporated to dryness again. After igniting it is ready for the appli- 
cation of the tests for alkalies. 

This is the best of the several methods proposed for the detection 
of the alkalies in silicates. 



CHAPTER XL. 



EXAUIITATIOirS OF PURE UETAL8 AJSTD AIXOYS. 

Heat a small portion, in clippings, or coarse powder preferabl}', 
with HNO, of 1.2 specific gravity. 

If complete solution takes place, gold, platinum, antimony and tin 
are absent. (Under certain circnmstances, traces of platinum and 
antimony may dissolve in HNO,.) 

If a residue remains, it may contain gold and platinnm in uLctallic 
form and tin and antimony as oxides. If the residue is perfectly 
white, only the last two can be present. Wash vrith water, keeping the 
washings apart from the HNO, solution, and after drying fuse with a. 
mixture of NajCO, and lfaNO„ as in the separation of group TTT, 
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Pour the melted mass oat, powder it, and treat it with cold water. 
After a time lilter, and wash the residue with alciohoL Teet the water 
filtrate for tracea of aisenio which may have been present in the alloy, 
and which remained insoluble in the treatment with HNO^ Heat the 
residne with dilute KCl, poor in a Marsh apparatus, add some frag- 
ments of zino and platinum foil, add more HCl if necessary, and after 
a time test the escaping gas for SbHj. £xamine the platinum foil; if 
it is colored black the presence of antimony is, shown. As a rule, some 
of the antimony would escape as SbH,, while some would come down 
as a black deposit on the platinum. 

After the eTolution of hydrogen has ceased, the zino remaining in 
excels, remove the latter and wash thoroughly any metallic residue 
which may be found in the bottom ot the flask. It may contain tin, 
gold and platinum. Boil it with strong HCl, decant the dear liquid 
from a residue left, if any, and add to it solution of HgCl^ A white 
precipitate proves tin, as in group HI. 

If antimony has been found, examine a residue insoluble in HCl, 
by heating first with a little HNO, and ll,G,H,0^ This would dissolve 
a remaining trace of antimony. If anything is now left, filter, dissolve 
it in aqua r«gia, and evaporate nearly to dryness. Add sotution of 
KCl and evaporate again. Pour absolute alcohol over the residue, stir 
thoroughly, and allow to settle. If a yellow precipitate remains, it 
consists of PtCl,.2£CL Filter and wash with alcohol If the filtrate 
haa a yellow color, gold is indicated. Confirm it by evaporating off 
the alcohol on a water-bath, dissolving the residue in a little water, and 
adding a solution of FeSO,. (Jold precipitates as a very fine brown 
powder, which remains for a time suspended, imparting a dark blue 
color to the solntion examined by transmitted light. 

The HNO, solution, in case the alloy was soluble completely, or the 
filtrate if only partially, must be examined by adding, first, some water. 
If a milky white precipitate is formed, the presence of bismuth is 
shown. Add sufBcient HNO, to dissolve this, and then a little dilute 
HCl. If a white precipitate now forms, insoluble in HNO„ the 
presence of silver is shown. 

The solution can now be further tested as in the general method 
for the bases, already given. 
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VOLUMETRIC ANALYSES AND 
OTHER TESTS. 



CHAPTER XLI. 



INDICATOBS. 



The stodent ie already acquainted with the fact that oertaia oi^iuiic 
matters in solution change color when the reaction passes from acid to 
alkaline or vice versa. Some are colorless in acid solution, but highly 
colored in alkaline. Litmua and pheiiol-phlalein are good illuBtratioas. 
They are very sensitive, a small amount of either being capable of 
imparting intense color to a beaker of water to which only a trace of 
alkali has been added. 

As employed in analysis, these snbetaoces are called indicators, and 
their use is Ulustrated in this example : 

Suppose we have a liter of solution containing exactly 40 Gm. of 
pure NaOH, and another liter of solution containing 36.4 Glm. of pure 
HCl. The one would exactly neutralize the other, and any part of the 
one would neutralize an equal part of the other. One cubic centimeter 
of the NaOH solution would neutralize 36.4 milligrama of HCL We 
can take now a small volume of any dilute hydrochloric acid eolation 
and add to it a few drops of an alcoholic solution of phenol-phtalein. 
A slight opalescence, only, is product. Now add gradually from a 
measuring tube the solution of NaOH, until the colorless acid solution 
just turns red. This is the indication that the neutral point has been 
reached and slightly overstepped 

If 10 cubic centimeters of alkali have been used, there was present 
of HCl 364 milligrams. The indicator told us when to atop adding 
alkali; that is, when just the equivaleut of the acid present had 
been used. 

Many other volumetric analyses are made in a manner exactly 
similar to this, and the same principle, variously modified, is employed 

D,= lz.rh.l^.OOglC 
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in all. The nioleoular weight of NaOH is 40, and a solution like the 
above (Mmtaiuing 40 Om. to the liter is called a normal standard 
solution. One containing 20 Gm. to the liter would be a half normal 
solntion, and so on. The solntion of HGI contained 86.4 Gm. in a 
liter. This was lilcewise a normal solution, as 36.4 is the weight of the 
molecule, HCl. 

In general, a number of Qm. equivalent to the molecnlar weight 
of a eabstance dissolved to one liter, makes a normal solntion of that 



AfFABATUS. 

In Yolnmetric analysis, various measuring flasks and tabes are 
employed, the designations and uses of which must now be explained. 

Flasks are made to hold a definite volume of liquid when filled to 
a mark in the necL The most usual sizes are 1 liter, \ liter and J 
liter, but other sizes are also sometimes employed. These flasks should 
have accurately fitted ground glass stoppers. 

They are graduated by the manufacturer, and should be tested by 
weighing them when empty and quite dry, and then when filled to the 
mark with distilled water, of a known temperature. The increase 
gives the weight of the water, and when its temperature is known the 
volume can readily be calculated. Flasks are made to contain a 
definite volume of water or other liquid. (See Fig. 21, F and G.) 

BOTOttoS are graduated tubes, as shown in Fig. 21, C, made to 
deliver any desired volume of water or other liquid. They are most 
readily tested by weighing the amount of distilled water delivered, 
running out 5 cubio centimeters at a time. For most practical purpoeee 
the temperature correction may be disregarded if it is not above 15° C. 
The usual sizes are 100 C.c, 50 C.c., and 30 C.c, graduated in tenths 
of 1 C.C 

The lower end is oonnected by rubber tubing vrith a delivery tip, 
and on the rabber is placed a brass pinch-cock to control the flow of 
the liquid. Better than the pinch-cook is a little glass ball placed 
inside the rubber tube between the end of the burette and the tip. By 
pinching the rubber on one side of the ball the liquid is allowed to 
escape in as fine a stream as is desired. 

Pipettes are tubes of the tonns shown in Fig. 21, B and D made 
to deUver a definite volume. They are tested by weighing, as befor& 
The usual sizes are 100 Cc, 50 C.c, 25 Cc, 10 C.c, and 5 Co. 

A few other tabes and mixing fiasks or jars are sometimes employed, 
but they need not be described, as their use will be readily seen by the 
student At A and £, Fig. 21, agraduated jar and cylinder are shown. 
It is, of course, understood tiiat a good balance and set of weights 
must also be at command. 



ANALYTICAL OHEMISTEY. 
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SOLUTIONS. 



The preparation of an accurate Etandard eolntioa is a matter 
requiring very great care. As an illustration we can take first the 
preparation of half normal sulphuric acid, > H3SO,. This contains 49 
Gm. of pnre H^O, in a liter. 

As the " chemically pure " acid of commerce contains some water, it 
b necessary to take a quantity somewhat greater than this, say 52 
Gm., to the liter. The acid and water are mixed in a beaker, and 
when cold carefully transferred to a liter flaak, which is then filled to 
the mark and well shaken. 

Now prepare q normal sodium hydrate solution, n NaOH, by dissolv- 
ing about D3 Gm. of the pure "stick" soda to a liter. 

Compare the two solutions in this way : By means of a pipette transfer 
25 C.c. of the acid to a beaker, add one or two drops of a weak alco- 
holic solution of phenol -phtalein, and from'a 50 C.c. burette, which has 
previously been filled with the alkali solution, run in NaOH until, on 
shaking the beaker thoroughly, a permanent red tinge is obtained. 
Kow repeat the experiment by warming the acid in the beaker and 
adding nearly enough NaOH to color permanently. Place the beaker 
on a sand-bath and boil tor a few minutes, and then add NaOH, a drop 
at a time, until the permanent tinge is reached. This last experi- 
ment gives the correct relation of the H^SO, and NaOH. 

For the 25 C.c of acid, something less than 25 C.c. of the alkali 
should be required. 

The last t«st was made in a hot solution, as under these circnm- 
etances the phenol -phtalein is more sensitiTe, not being influenced by 
the CO] of the air, or by that absorbed by the NaOH solution. (After 
completing the test the liquid in the beaker will gradually lose its 
color. This is due to the action of atmospheric COi absorbed on cool- 
ing, and need not deceive the student.) 

Knowing now the relation of the solutions, we proceed to find the 
absolute value of the H^SO,. Weigh out accurately about two and a 
half Onx of pure dry NsjCO, (made best by igniting the pnre washed 
bicarbonate) and dissolve it in water in a beaker. Add 50 C.c. of the 
acid, cover quickly with a large watch glass, and when the chief action 
of the acid has subsided remove it and rinse the drops collected on its 
under surface into the beaker. Place the latter in a water bath and 
warm for a time, then transfer to a sand-bath or gauze and boil out all 
the liberated CO,. Add a little phenol -phtalein, and from the bnretto 
run in NaOH to distinct coloration. Observe the number of C.c used, 
calculate the acid equivalent to it, and subtract this from the 50 Co. 
taken. 
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Tbia gives the amount nsed by the Na,CO„ and knowing the weight 
of this token, we can find now the strength ot the acid by the following 
relations: 

H,SO.+Na,CO,-Na,SO,^-CO,+H.O. 

98 loa 

(IH . ififi . Wt. of realHjSO, . Wt. of 

yo . iUO.. „g^ . NsjCOitaken. 

The experiment shonid be repeated. This is one of the best and 
most convenient methods of standardizing the HjSO^. 

When the greatest accuracy is desired, it is best to leave the solu- 
tion exactly aa standardized. It is, however, more convenient for 
practical work to have it of half normal strength, and this can be made 
by adding the requisite amount of water to give just 49 Qra. at 
KSOf to the liter. In this case 1 cubic centimeter will neutralize the 
following amounts of alkali: . 

Potassium hydrate, KOH 0560 Om. 

Sodium hydrate, NaOH 0400 Gm. 

Ammonium hydrate, NH,OH 0350 Gm. 

Potassium carbonate, K,CO, 0690 Gm 

Sodium carbonate, NaaCO, 0530 Gm. 

Sodium carbonate, cryst, NaaCO^lOH^O 1430 Gia 

Ammonium carbonate, NH,HCOrNH.NH,CO, .0523 Gm. 
Having the value of the H,SO, solution, we con determine the 
strength of the NaOH from this. If it is dilated so as to be just 
normal, that is, to contain 40 Gm. in a liter, 1 cubic centimeter will 
be equivalent to the following weights of acid: 

Sulphuric acid, H^, 0490 Gdl 

Hydrochloric acid, HCl 0364 Gm. 

Nitric acid, HNO, 0630 Gm. 

Oxalic acid, H^CA^HiO 0030 Gm. 

Acetic acid, HO^O, 0600 Gm. 

Citric acid, H,C^,OrH,0 0700 Gm. 

Tartaric acid, H,C,H,0, 0750 Gm. 

Potassium bitartrate, KHC.Hp, 1880 Gm. 

For certain purposes standard solutions of potassium hydrate and 
ammonium hydrate may be employed, and instead of sulphuric acid 
solutions of pure oxolio acid, nitric acid or hydrochloric acid. 

The solution of oxalic acid is usually made by weighing the correct 
amount and dissolving it in water to make a liter of solution. 

The solution of hydrochloric acid is made somewhat stronger than 
necessary, and its exact value determined by precipitation with solutioD 
of silver nitrate. 
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Before giving an illastratioD of the practical use of these standard 
t^olutione, a few words more regarding indicators may be of aasietance to 
the student. A great many of these have been proposed, but litmns and 
phenol-pMaleiu will answer all our needs. 

Litmus solution is made by treating 10 to 15 Gm. of tlie powder 
with IKX) Co. of warm water in a flask, and shakingit frequently during 
several hours. It is then allowed to settle, when the clear solution may ■ 
be siphoned or poured off. This is then treated with dilate snlphuno 
' or nitric acid, a drop at a time, until the color changes from blue to 
violet, that is, until the neutral point is reached. Another drop of acid 
should be sufficient to color it distinctly red. 

The solution must be kept in a loosely stoppered botUe, as it is 
necessary that the air should have access to it, to prevent decomposition. 

As carbonic acid imparts a cherry red color to solutions of litmus it 
is necessary to expel this gas by heat before making the final titration. 

Phenol -phtalein can be obtained pure, and for use as an indicator it 
is simply necessary to dissolve a little in dilute alcohoL One part in a 
mixture of 200 parts of water and 300 parts of alcohol answers very 
welL Two or three drops of this solution for 200 C.c of liquid is suf- 
ficient It cannot be used, however, in presence of any amnwnium 
compound, as ite delicacy is thereby very much impaired It is prob- 
able that ammonia and phenol -phtalein unite slowly to form a colorless 
compound As already suggested, this indicator is very sensitive to 
COp which must be removed by boiling before completing a tesL 

We can turn now to a few practical illustrations. Let it be required 
to determine the amount of potassium bitartrate in a sample ot ". cream 
of tartar." 

Weigh out about 3 Qm., dissolve it in 100 C.O. of hot water, add 
phenol- phtalein, and then run in from a burette the NaOH solution 
until a distinct coloration appears. The experiment should then be 
repeated by dissolving, and adding 1 C.c less of the KaOH, the phenol- 
phtalein, and then boiling thoroughly. This will eliminate the small 
amount of GO, introduced by the alkaline solution itsell By adding 
more from the burette now a slightly smaller quantity will be required 
than in the first titration. This should be taken as the correct result. 

As another illustration, determine the XaOH in commercial "caustic 

Dissolve about 2 Gm in 100 Co. of cold water, add the phenol- 
phtalein, which strikes immediately a deep color, and run in ¥ ^^G^ 
until this color just disappears. If the " caustic soda " were entirely 
free from carbonate this would be the result required. But some CG^ 
is always present, and before the end of the reaction this unites to form 
HNaCO„ which is neutral to phenol -phtalein. By boiling thoroughly 
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this is decomposed, and the color returns. A little toore HiSO^ must 
now be added to complete the reaction, and this additional amount is 
the equivalent of half the Na,CO, originally present. 

If much catenate is present it mnst be precipitated out by heating 
with solution of BaCl^ In the filtered liquid the hydrate oan be deter- 
mined by standard solution of HCl. 

Other acids and alkalies are determiued by exactly similar methods 
In finding the strength of a solution of NH,OH, litmus must be used 
se tiie indicator. 



CHAPTER XLII. 



AITALTSES BT HEA2TS OF AgNO^ 

Chlorides, bromides, iodides and several t^er salts can be readily 
and accurately determined by standard solution of silver nitrate. 

The standard ^ solution is prepared by dissolving 16.97 Gm. of 
the pure dry crystals to make one liter of solution. 

The use of this solution is indicated by the following equation: 

AgNO.+NaCl = AgCl+NaNO,. 
169.7 58.4 

The silver nitrate is added in sufficient amount to precipitate all the 
sodium chloride, and the end point is determined, in neutral solntaon, 
by the use of potassium chromate as an indicator. This gives a de^ 
red precipitate with silver nitrate. 

2AgNO,+K,CrO.=Ag,CrO,+2KNO„ 
bat in presence of a chloride a permanent red precipitate of silver chro- 
mate cannot form until the chloride is all combined. An illustration 
will make this clear. Let the student weigh out .584 Oul of pure dry 
NaCl and dissolve it in water to make one-fourth liter of solution. 25 
Cc. of this are transferred to a beaker, to which one or two drops of » 
dilute solution of pure K,CrO, are added 
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The silver nitrate solution is contained in a burette, and is added, a 
little at a time, to the contents of the beaker. A hea^y Tfhite precipi- 
tate makes its appearance, and a red precipitate also. But this 
disappears on agitation. The addition of the AgNO, is continued until 
a faint red color is just permanent. In this case it would be visible on 
the addition of 10 C.c of the ^ AgNO^ 

One oubio centimeter of the solution precipitates the following 
amounts of several salts: 

Sodium chloride, NaCl 00584 dm. 

Potassium chloride, KCl 00744 Gm. 

Ammonium chloride, NHjCl 00534 Gm. 

Sodium bromide, NaBr 01028 Gm. 

Potassium bromide, KBr 01188 Gm. 

Ammonium bromide, NH,Br ; . . . .00978 Gm. 

Sodium iodide, Nal 01496 Gm. 

Potassium iodide, KI 01656 Gm. 

Ammonium iodide, NH.1 01446 Gm. 

Potassium cyanide, KCy 01300 Gm. 

The corresponding acids raay be titrated by neutralizing ihem first 
with an excess of pur© CaCO, and filtering. 

Special attention must be called to the behavior of cyanides on 
addition of AgNO,. 

If one molecule of AgNO, be added to two of KCy no precipitate 
will fall, as a soluble double compunnd AgCy.KCy is formed. A trace 
more of AgNO, will begin to decompose this with precipitation. The 
turbidity appears when just one-half the cyanide has been combined, and 
by multiplying by 2 the number of cubic centimeters of AgNO, used to 
obtain the first trace of a precipitate, we find the amount necessary for 
the whole. 

Another method of estimating chlorides requires tiie following 
Bolnttona : 

1. ^ AgNO,, made as before. 

2. ^ NHjSCy, made by dissolving abont 8 Gm. of the pure 
crystals in a liter, standardizing with the AgNO,, and dilut- 
ing so that they correspond to each other. 

3. A strong solution of ammonio-ferric alum, free from chlor- 
ine, 50 Qm. to the liter. 

To standardize the ammonium sulphocyanate, transfer 25 C.c. of the 
AgSO, to a beaker, add 5 C.c of the ferric solution, and then pure 
etrong HNO, in quantity sufficient to make a colorless solution. Fill 
tiie burette with the NH,SCy and run this slowly into the AgNO^ A 
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-white precipitate of A^SCy fwrna and also a red color, due to the form- 
atioQ of ferric sulphocj-anate. This disappears on shaking. However, 
just as eoon as the last portions of silver are combined the next drop 
of NH,SGy added strikes a permanent red color, which is the " indica- 
tion" thatenonghhasbeenronin to precipitate the silver salt completely. 
The volume used is uov read oS, and the solution diluted bo as to 
correspond exactly with the H AgNO^ To determine a chloride by 
these eolntions proceed as follows: 

Add to the solution a measured volume of "n AgNO„ which must be 
in excess, then the ferric alum and nitric acid as before. We have now 
AgCl and AgNO„ and the problem is to find the latter, which is in excess 
of that necessary to precipitate all the chlorides. The NH,8Cy com- 
bines with the silver salt to form a white precipitate, and with the ferric 
salt to give it a red color, but the latter is not permanent until the 
precipitation of the silver is complete. Therefore, the NH,SCy is run in 
from a burette nntil the pentaanent tinge is obtained, and then the 
volume added is sobtracted from the volume of the silver solution taken. 
This gives the volume of the ffr AgNO^ required to combine with the 
chlorides. 

The calculation Is the same as before. 

Conversely, a standard solution of sodium chloride may be used to 
determine silver. 

AirAI.Y8ES BY UEAJSB OF EKnOf 

Potassium permanganate is a stsong oxidizing agent, converting 
ferrous into ferric salts, oxalic acid into carbon dioxide and water, 
potassium ferrocyanide into potassium ferricyanide, etc In these oper- 
etiona the permanganate is reduced to a salt of manganese with complete 
change of color, and on these facts several valuable processes are based. 

A standard solution of permanganate is prepared by dissolving about 
6 Gm. of the pure crystals in a liter of water, and comparing the solution 
with one containing a known amount of iron or oxalic acid. Where 
pure oxalio acid is at hand, it can be conveniently employed. The 
reaction which takes place, always in presence of free acid, is this: 
2KMnO.-|-5(C^O,.ai,O)+8K,SO.^K^,+2MnSO,+ 10CO,+18H,O. 

Pure ferrous sulphate (by alcohol) gives this reaction: 
2KMnO.+ 10{FeSO..7HiO) -1-8H,80,= 

KjS0.+2MnS0,+ 5Fe,(SOJ,-t-78H,0. 

One molecule of oxalic acid reduces as much permanganate as two 
molecules of ferrous sulphate. 

To make the test by means of iron, weigh out accurately about 2 
Gm. of piano wire, previously freed from rust, and out in small pieces, 
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SDd by aid of a gentle heat dissolve it in &a exoaaa of pure dilate stil- 
phnric acid contained in a flask Have the flask fitted with a doably 
perforated stopper. Through one passes a glass tube connected with a 
hydrogen generator, in the other is fitted an' open shorter tube. While 
the iron is dissolving a current of the gas should bubble through the 
liquid to remove all air. When solution is complete and the lamp has 
been removed continue the passage of the gas until the liquid is cold. 
Now dilute it to 250 C.c with recently boUed out distilled water. 

Piano wire contains about .3 percent of impurities; we con consider 
ii as .dU7 pure iron. If 2 Qm. of wire had been token this would con- 
tain 1.094 Qm. of iron. 

With a pipette transfer 60 C.c. of the solntion, containing. 3988 Gm. 
of iron, to a beaker, add a httle water and more dilute H^O,. 

Fill the burette with the permanganate solution and run it into that 
in the beaker with oonstant stirring. As long as any of the ferrous salt 
is present the purple color rapidly disappears; the reaction is complete 
when a pink tinge persists. If 45 Co is necessary for this, 1 C.c is 
then equivalent to .008862 Om. of iron. The experiment should be 
repeated and the meui of the results taken. 

The value of the KMuO, solution being established it can be used 
to determine iron in iron salts (ferric salts must first be freed from other 
acids t^ treatment with H,SO„ and then reduced with zinc), oxahc 
acid and oxalates, ferrocyanides and many other compounds. 

It is simply necessary to find the relation of the p^manganate and 
the substance in question by an equation similar to those above. 

In the titration of oxalic acid and oxalates the liquid most be heated 
to60°C. after adding the HjSO, and before running in the permanganate. 

The calcium in calcium salts, as GaCl^ can readily be determined by 
this method. The solation is treated with ammonium hydrate, ammo- 
nium chloride, and then with an excess of ammonium oxalate. Tbia 
precipitates calcium oxalate, GaCjO,. The precipitate ia allowed to 
setUe, washed as far as possible by decantation, and then thoroughly on 
the filter. While still moist it is transferred to a beaker, and then 
treated with an excess of dilute H^SO^ , which combines with the calcium, 
liberating a corresponding amount of oxalic acid. The beaker is 
wanned on a water-bath to 60° C, and thenthe permanganate is added. 
40 parte of calcium are equivalent to 12tJ parte of crystallized oxalic 
acid or 112 ports of iron. 

This solution is of great volue, especioUy in the estimation of iron. 

The f(dlowing test is, perhaps, of ivider applicability: 
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THE irSE OF NaAO, AITD I. 

Iodine in preEence of water acta &s a strong oxidizing agent, and on 
this fact is based a method of determining a number of reducing sub* 
stances, and a few oxidizing bodies. 

Between iodine and sodium tbioeulpbate ibis reaction takes place: 
2Na^A+Ii=2NaI f Na^S.Or 

If we have a solution of the thiosulphate and add to it a Uttle thin 
starcb paste, and then run in iodine solution from a burette, a permanent 
blue will appear only when the Na,S,0, bae been completely combined 
as above. 

A very dilute solution of sulpbnrous acid acts on iodine solution in 
this way: 

H^,+I,+H,0= 2HI+H,SO.. 

In presence of starcb paste a blue color would appear only after tbe 
complete oxidation of the H^Op 

The experiment can be tried in another way : Add to the sulphurons 
acid solution an excess of iodine solution, then a little starch paste- 
Now add NajS,0, solution from a burette until the blue color just dis- 
appears, that is, imtil the excess of iodine has been combined. If the 
solutions had been made of a definite strength, it will be seen that the 
same Tolnme of iodine solution was used to oxidize the enlpharotis acid 
eacb time. 

Uponthese principles are foondedtbe following methods of analysis: 

The atomic weight of iodine being 126.6, prepare a decinormal (rs) 
solution by weighing out carefully 12.66 Gm. of pure sublimed iodine 
and dissolving it in 150 C.c. of water, containing about 18 Qm. of pure 
potassium iodide. When solution is complete transfer to a liter flask 
and dilute witb water to the mark. This solution, after thorough mix- 
ing, should be poured into two or three small bottlesandkept in thedark. 

Prepare a lo Na^,0^5H,0 solution by dissolving 24.8 Om. in water 
to make one liter. This solntion slowly decomposes in the light It 
should be kept in a dark cool place. 

Make some thin paste by rubbing about 2 Gm. of starch to a cream 
with a little water, then dilute with 200 Co. of water and boiL Allow 
to cool and settle, and then pour off the clear portion. It doee not keep 
well. 

With a pipette transfer 50 C.c of the thiosulf^to solution to s 
beaker, add a little starch, and then from a burette the iodine solution 
until a blue color just persists. If the solutions are right 50 Co. of the 
lattersbouldbenecessary to combine with the 50 Co. of tbe thiosidpbate. 
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The correctDees of the latter can be farther tested in this way : Pure 
solntioiia of E,Gr,0„ KI and HOI act od each other to liberate a definite 
amount of iodine. Thia can be taken to standardize the thioenlphato 
by the nsnal method. 

K,0r,0,+6KI+ 14HC1 ^ 8I,+Cr,Cl.+8KCl+7H,0. 

294 parts of KaCr,0, liberate 759,8 parts of iodine, or 49 Gm. 
liberate 12.66 Gm., the amoimt in the jt I solution. 

Dissolve 4.9 Gm. of K,Cr,0, in vater, make np to oae liter. Take 
25 C.a of this solation, and add to it abont a Gm. of pure EI in 
Bolntion, and 5 or 6 C.c of pure strong HCl in 150 to 200 C.c. of water. 

Bun ia thiosulphate solution until the iodine color has become faint, 
then add some starch paste and more thiosulphate to complete the 
reaction. 

Just 25 Cc. shotdd be required for this. It is hardly necessary to 
make this test, if the pure thioeulphateof the leading manafactorers can 
be obtained, as this substance is made in a state of almost absolute 
parity, and is quite suitable for a standard. 

With our solutions so prepared and tested, alai^e variety of detenni- 
nations can be made. The equation given above shows how they may 
be used in finding the strength of a solution of sulphnrons acid. 
The strength of chlorine water may be determined in this way: 
2KI+C1,=2KCH-I,. 

Add to 25 C.c. of the chlorine water an excess of KI solution, and 
determine the liberated iodine by starch and the thiosulphate. 

Or, after the liberation of the iodine, add a known amount of the 
thiosulphate, but in excess. Then add some starch and iodine solution 
to coloration. This gives the excess of thiosnlphate. 

Dilute solutions of H,S can be determined according te the equation 
H,S-(-I,=2HI+S, 
by adding starch paste, and then the iodine to coloration. 

The value of a sample of bleaching -powder can be determined in 
this way: Weigh out about 10 Gm., rub it to a thin cream with water, 
dilute toone liter, shake well, and take 25 O.c. of the turbid liquid with 
a pipette. Transfer this to a beaker, add solution of pureKZ in excess, 
and some HCl to liberate the chlorine of the powder. This is decom- 
posed, an equivalent amount of iodine is set free, which is measmred by 
starch paste, and the thiosulphate in the usual manner. 

The strength of "chlorinated soda " solutiou is determined in an 
exactly similar manner. 

Several other substances are officially tested by the iodine and thio- 
sulphate solntions. The most important of these are given in the next 
table. 
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BO C.c. ot the iodine solution correspond to: 

Aoidum orsaaosam, witii 100 per cent, of AsjO,. . .2475 Gm. 
Liquor acidi arsenosi, ^th 1 per cent, of As,0,. . . 24.7500 Qm. 
Liquor potassii aisenitis, with 1 per cent, of As,0, . 24.7500 Om. 
Acidum Bulphurosum, with 5 per cent, of SO, .... 8.2000 Gm. 
Potassii Bulphis, with 100 per cent, of K,Sq,.2H,0 .4850 Gm. 
Sodii sulphis, with lOO per cent of Na,SOr7HoO . .6300 Gm. 
Sodii biaulphia, with 100 per cent of NaHSO,. . . .2600 Gm. 

50 C.c. of the thiosTilphate solution correspond to the following 
weights, directly or indirectly (by liberation uf iodine): 

Aqua chlori, with .5 per cent, of Cl^ 35.400 Gm. 

Liquor Bodse chloratee, with 2 per cent, of CI, 8.850 Gm. 

Calx chlorata, with 25 per cent of CI, 708 Gm. 

Tinctura iodi, with 8 per cent of I, 7.912 Qm. 

Liquor iodi oompositus, with 6 per cent of I,. . . . 12.660 Gm. 



DBTBEMIWATIOII OF PHOSPHATES. 

Phosphoric acid in solution, free from iron, alumina or much calciiua, 
can be readily determined by solution of uranium acetate or nitiat& 
Such a solution produces with phosphates a light yellow precipitate of 
uranium phosphate. 

It also gives with potassium forrocyanide a brownish red precipitate 
of uraniom ferrocyanide. This will form in presence of uranium phos- 
phate, and on this fact Is based the use of the potassiom ferrocyanide 
as indicator. 

The following solutions are employed: 

1. A standard phosphate solution. 

This i^ made by dissolving 10.085 Gm. of pure crystals of 
sodium phosphate, HNa;F0,.12H,0 to make one liter. 50 G.a 
of this solution contain .100 Gm. of F,Oi. 

2. Solution of sodium acetate, containing ia one liter 100 Gm. 
of the acetate and 100 C.c. of 30 per cent acetic acid. 

3. A fresh dilute solution, 1 to 10, of potsssinm foirocyamde. 

4. A solution of uranium nitrate, made by dissolving about 35 
Qm. of the crystallized salt in one liter of water, and stand- 
ardized as follows: 

Transfer 50 C.c. of the phosphate solution to a beaker, add 5 Co. 
of the sodium acetate solution, and heat on the wat«r-bath. 

Fill a burette with the uraninm solution, and by meana of a glass 
rod place a number of drof^ of the ferrocyanide solution on a white 
plata 
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Whea the liquid in the beaker is hot run into it the uraDium solution 
from the burette, a few C.c. at h time. Stir Trell with a rod, and from 
time to time bring a drop of the liquid in the beaker in contact with 
one of the dropa on the plate. As soon as the reddish precipitate 
appears stop the titration and begin with a new portion, as this is merely 
a preliminarr test, intended to show about how mnch of the uianiom in 



>Vhen nearing the final reaction in the second test, add the uraninm 
solution Terr slowly, and keep the beaker hot As soon as the lightest 
red color is imparted to the ferrooyanide by a drop from the boaker the 
reaction is linished, as the precipitation of the phosphate is complete, 
leaving any fruther addition from the burette free to acton the indicator. 
Bepeat the operation, and if the results agree, dilute the uranium solu- 
tion so that 20 Co. will be required for the 50 C.c of sodium 
phosphate solution, which makes 1 C.c correspond to .005 Gm. of PjO,. 

The solution of uranium nitrate keeps better than one made with 
the acetate, although the latter would be more convenient in some 
respects. With the nitrate nitric acid is liberated, but this reacts on the 
sodium acetate, liberating acetic acid, which does not interfere with the 
reaction. 

With a Bolntion containing no sodium acetate the end reaction is 
somewhat sharper; but this salt is necessary for the purpose just 
indicated. 

The titration of an unknown solution is performed in a manner 
^uctly similar to that employed in standardizing the uranium solution. 
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CHAPTER XLMK 



SUGAB ANALYSIS. 



Gluoose (grape sugar) can be very easily and quickly determined by 
volnmetrio analysis. The principle involved in the determination is 
tluB, that an alkaline solution of copper snlphate is reduced by solution 
of glucose, precipitating the copper as rpd suboxide, Cu,0. Under 
delinite conditions t^e amount of copper solution reduced is propor- 
tional to the sugar present The test liquid employed is known as 
Fehling'8 solution. 

The following solutions are prepared: 

1. A solution of pure crystals of copper sulphate containing 

69.28 Gm. in a liter. 

2. A solution containing in one liter 346 Gm. of Bochelle salt 

and 100 Gm. of pure KaOHl The Bochelle salt should be 
dissolved in hot water, the solution of NaOH added, and the 
whole allowed to stand 24 hours. It is then filtered througk 
asbestos, to separate a small precipitate which always 
appears, and diluted to make one liter, and bottled. 
For an esperiment^ 25 G.c of each solution is taken, the mixture is 
brought to boiling in a flask, when from a burette the sugar solution is 
run in until the deep^blue color disappears, leaving only a yellowish- 
green, showing the complete precipitation of the copper. This is a 
preliminary test intended to show approximately the amount of sugar 
present About 25 C.c of the sugar solution should be required to 
reduce the 50 of the mixture, and before making the final test a new 
solution of sugar should be made having about this strength. Approxi- 
mately one cubic centimeter of the copper solution is reduced by 5 'iSg. 
of grape sugar. Butthe reducing power is constant only when the sugar 
solution contains about one per cent of glucose, and the first test enables 
us to fix this with sufficient accuracy. 
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One Co. of the Fehling eolntioQ is rodnced by 475 Mg. of glncose 
in a 1 per cent, solution, and this is the relation to be observed in mak- 
ing tiie second t«6t. 

Mix another uO C.a of the Fehliog solntion and bring it to boiling in 
a flask. Fill the bnrette with the approximat^y 1 per cent. gluc<^ 
Kolution and run in, as before, a little at a time, ehaking and boiling 
after each addition. In olear sugar solutions the CUjO settles very , 
(]uick1y, BO that the disappearance of the blue color can be pretty sharply 
observed. As the blue fades a green takes its place and when this gives 
way to a yellowish tinge the reaction is complete. Somewhat greater 
accuracy can be reached by boiling the copper solution, running in at 
one time the total amoimt of sngar thoaght necessary for reduction, 
boiling again a few minuten, and Altering quickly. A little of the filtrate 
acidified with acetic acid and treated with E,FeCy, shows a red color if . 
it still contains copper. Other trials should then be made, using more 
sugar until the copper test just disappears. If the filtrate from the 
first test does not show copper it is possible that the point has been 
slightly overreached. In this case a new titration should be made, using 
slightly less sugar. 

In solutions which are not clear this is the best method to follow, as 
then the disappearance of the blue color can scarcely be observed. 

Solutions of inverted cane sugar can be tested by this method. The 
relation to be observed here is: One C.c. of Fehling solution is reduced 
1^ 494. Mg. of inverted sugar, in a I per cent solution. 

Cane sugar can be readily inverted by heating with a little dilute 
HCI, and then neutraliziug exactly with NaOH. 

The use of this solution in testing urine will be explained later. 

DETSBBETNATION OF AIXIOHOI. TS FEBMENTBD 
UQTTIIffl, BSEB, WINE, ETC. 

The amount of alcohol in distilled liquors, as whisky, can be easily 
found ~by a direct determination of the specific gravity. 

In liquors like beer and wine which contaiik, besides water and 
alcohol, extractive substances, this method cannot be employed, but one 
of the following may be used: 

r. By diittUlation. Take 100 to 300 C.c. of the liquid (in weak 
beers 300, instrongerbeersandwines 100 C.c.) measuredat a temperature 
of 1S°.5C., and distil it in a small retort with Liebig's condenser. Drive 
over about two-thirds of the liquid, and add distilled water to the 
distillate so as to bring its volume up to that originally taken, when 
measured at the same temperature. Determine i3iB specific gravity of 
this liquid, and from an alcohol table find the corresponding percentage 
of aIo(^ol. 
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If the beer or vme taken froths on application of beat, a little tannic 
acid maybe added, which will prevent it. 

If the original liquid contains free acid, thia ehotdd be neatralized 
by the addition of a little sodium carbonate. 

2°. Indirect method. This method givesi a close approximation, 
which is Bufficient for most practical porposes. 

The hqnid is gently warmed and shaken to expel carbon dioxide 
present. 100 C.c ia then measured off and its specific gravity deter- 
mined, at a definite temperature (1&°.5 C). It ia then slowly evaporated 
on a water-bath until the volnme is reduced to 50 C.c or leaa. Then 
cool and add water so aa to bring up to the original weight at same 
temperature, and determine the specific gravity of this. 

According to Bolley these data can be employed by the following 
principle; 

"The specific gravity of a beer before expulsion of alcohol, is less 
than the specific gravity of the same after expulsion of alcohol, in the 
same proportion that the specific gravity of a dilute alcohol of the 
strength of the beer is less than the sj>ecific gravity of water." 

As an illustration, suppose the specific gravity of the original liquid 
free from CO„is 1.025; after driving off the alcohol it is l.OBl, then: 
1.034 : 1.025 :: 1 : x {x=Mm). 
The dilute alcohol, corresponding, has a density, therefore, of .9913. 
It must contain, from the tables, 5.06 per cent, by weight of alcohol. 

There are other methods of CBloulating the alcohol strength, whidi 
can be best seen from the following formulas: 
Iiet a = sp. gr. of original liquid. 

b = sp. gr. of alcohol free liquid. 
= per cent, of alcohol corresponding to \, by weight. 
X = per cent of alcohol in the liquid, by weight 
"We have then: 

Meyer's formula, x — c corresponding to l-(b-a). 

BoUey's formula, x = a corresponding to J. 

-, . , , . , c corresponding to S. 
Eeischauer s formula, x — ^ 

The third formula gives results which are very satisfactory when 
beer is the liquid tested. The first formula in similar to one proposed 
by Tabari6 for wine, but does not seem to be as accurate as ihe seocMid. 
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SETEBHIHATIOH OF THE DIASTATIC FOWEB OF MALT 
EXTRACT. 

The value of the commercial extracts of malt is measured by the 
amount of starch ihey can convert into sugar. Iq making a test of this 
it is most convenient to determine the weight of extract oecessaty to 
convert 0.1 Oxo. of starch into sugar. 

Prepare a thin paste by boiling 0.1 Gm. of starch with 100 Co. of 
water. 

Prepare a solution of the malt extract by dlBsolving 20 Gm. in a 
liter of water. Now add 10 C.c. of thia solution to the paste, and keep 
the mixture at a temperature of 00° C. four hours. 

Prepare several other starch solutions in the same way, aud add to 
these 20, SO, 40 and 50 Cc. of the extract solution. Heat all of these 
to 00° C four hours. 

At the end of thia time transfer a few drops from each to a white 
plate, aud test with a drop oE iodine solution. 

In thia way it will be found, for instance, that using 20 C.c of the 
extract a starch reaction can be obtained, while with 30 C.c. it does not 
appear. A new expenment should then be made, employing 25 C.c. of 
the extract, and so qq until the starch is just converted. 

This method, and in fact any method, of valuation is somewhat 
empirical, as the element of time is an important factor. 

Four hours is recommended, because in that time, practically, all of 
the conversion possible for a given weight of extract aud 0. 1 Om. of 
starch can be accomplished. 

One Gm. of a good extract should convert 0. 1 Gm. of starch into 
fmgar in four honra. 

Some of the products on the market are much more active than this, 
while others are almost without effect. 

Another test can be made by preparing a paste as above, and adding 
to it 1.5 Gro. of malt extract in 15 C.c. of water. 

The mixture is heated to 60° C. on the water-bath, and at the end of 
half an hour 5 C.c. is withdrawn with a pipette, cooled, and tested with 
icdina If starch is still present, heat longer, and withdraw 5 Co. every 
10 minutes about, and test it. In this way the time necessary for coa- 
veTsion of one part of starch by 15 parts of the extract is determined. 

A good extract should not require more than an hour. 

ESTIMATION OF TATSTSTS IN WATEB EXTRACTS. 

Of the several methods employed for the approximate determination 
of iaunin in vegetable infusions, the following, suggested and perfected 
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1*7 Loewenthal, is, perhaps, the most oonTeiiient and relisbla The teet 
ia based on the following prinoiples : 

A dilate solntioa of potassium permanganate, acidified with H,SO„ 
is reduced by solutions of tannin. 

The same solution of pennanganate is reduced by dilate sdutioos 
of indigo -carmine in definite proportion. 

Prepare a standard solutioa of potassium permanganate by dissolv- 
ing about 1.5 Gm, in a liter of distilled water. 

Prepare a standard indigo- oarmiQe solution by dissolving aboat 30 
Gm. of the pure paste, or its equivalent, in a liter of water. 

Prepare a solution of pure dry digallic acid (ordinary tannic acid) 
by dissolving one Qm, in a liter of water, 

Determiae the relation of these solntioDB by adding to 1,000 Co. of 
water 20C.c. of the indigo-carmine and 10 C.c of dilute HjSO^ (1 to 5). 

The mixture in a beaker is placed on a white ground, and the per- 
manganate solution from a burette added, with constant stirring, until 
the color of the liquid changes to yellow. 

Repeat the experiment by adding to the mixture of water, indigo- 
eannioe and acid, 20 O.c of the tannic acid solution, and finish as 
before. 

In this test more permanganate will be required than in the first, 
and the differeuoe expresses that consumed by the 20 C.c. of tannic acid 
solution. 

Repeat the experiment, and if the results agree, dilute the perman- 
ganate so that 10 C.c. correspond to 20 C.c of the tonnio acid. Tha 
indigo -carmine and permanganate should be exactly equivaloDt, for 



To obtain the beet results in practice, the indigo solution should 
reduce about H times as much permanganate as the tannin present 



The standard solutions of permanganate and indigo were formedy 
used directly in the titration of infusions, ete. ; but as other substances 
are always present which have a reducing action, Loewenthal recom- 
mends to correct the results in this way: A portion of the extract is 
terted as above, then a second portion is treated with solution of gelatin 
to precipitate the tannic acid, filtered and tested in the same way. The 
permanganate now consumed goes to the foreign matters, and is to be 
subtracted from the results of first test^ The details are these: 

Prepare a gelatin solution by softening 75 Om. in water for 24 
hours. Then pour off the excess of water and heat the soft mass over 
a water-bath until it is melted. Add pure sodium chloride to satura- 
tion, and finally make up to three liters with saturated salt solution. 
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Take 100 C.c. of the iofosion, add to it 100 C.c. of the gelatin solo- 
fioD, ehake thoroughly, aod then add 50 C.c. of water, coDtaioing 
10 C.c. of dilute H^O, (1 to 5). Allow the mixture to stand 8ome honra 
and filter. Titrate 50 C.c. of the filtrate with the pennanganate as abore, 
and subtract this result from that obtained in the direct titration of 
20 C.c of the infusion. The presence of the gelatin interferes but 
slightly with the titration, and can usually be neglected. 

According to Nenbauer .1^4157 Om. of digallic acid has the same 
reducing power as .063 Gm, of oxalic acid. If the permanganate has 
been standardized by oxalic acid the weight of digallic acid in a nolntiou 
containing this alone can be readily determined. 

As the other forms of tannic acid have different reducing {towers, 
calculations based on the above relation would not be correct. 

In practice it is best to employ an empirical standaTd, using high 
grades of the several materials for comparison. 

TALTTATION OF JAXtAF. 

Jalap, in fine powder 50 Gm. 

Alcohol, distilled water, stronger ether, each sofficient. 

Moisten the jalap with enough, alcohol; set aside in a closed vessel 
for an hour; pack it firmly in a cylindrical percolator; saturate with 
alcohol; macerato for forty-eight hours; percolate until the last drops 
cense to cause any cloudiness on being dropped in water. Evaporate 
the percolate to 35 C.c, and pour it slowly into 400 C.c of cold wat^, 
with brisk stirring. Collect, wash, dry, and weigh the precipitate. 

The precipitate should weigh at least I! Gm. Shake 1 Gm. of it 
with lO C.c. of stronger ether for fifteen minutes in a bottle, pour it 
out on a tared filter; when it has settled, rinse the bottle thoroughly 
with some of the clear ethereal solution, adding the rinsings to the mix- 
tare on the filter ; when t he liquid has passed through, wash the residue 
with a little stronger ether, and then let the filter and contents dry, 
and weigh theoL The net weight of the undissolved resin should be at 
leapt 0.90 Gm., showing that the total resin contains not more than 10 
per cent of ether-soluble resin. 



TESTiira or pepsin. 

The official tests to determine the value of pepsin, as given in the 
United States, British and German PharmaeoiMsias, differ greatly as 
to tiie quantity of water used in proportion to the pepein and albumen, 
and the quantity of acid in proportion to water, pepsin, and albumen. 
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In the Fhannacopceia of the United States, one part of pepein is 
nrnpended in 50() parts of water; in the British Pharmacopceia the pro- 
portions are aboat 1 to 240; and in the Oerman Pharmacopipia, 1 to 
1,500. 

The proportions between albamen and water are as follows: V. S. P., 
1 to 10; B. P., 1 to 4.8; G. P., 1 to 15. 

The proportions between pepsin and acid are: V. S. P., 1 to 7.50; 
B. P. abont 1 to 2.50; and the Q. P. (redncing the acid to the same 
strength), as 1 to 1.0[3. 

The proportions between acid and albamen are: U, S. P., 15 to 100; 
B. P., about 5 to 100; and the Q. P., 19.53 to 100. 

Tbe proportions between acid and water are: tJ. S. P., 1.50 to 100; 
B. P., 1 to 100; a. P., 1.30 to 100. 

Besides tJieae differences, the U. 8. P. directs that the digeBti<m 
should be continued 5 or hoars; the R P., only 30 minntes; and ihe 
G. P., 4 to hours. 

The Q. P. directs that the hard-boiled egg albamen should be cut 
in pieces of the size of lentils; the B. P. ditecte it to be "]>assed 
Ihrongh a wire gauze of 30 meshes per linear inch, and made of Na 32 
brass or copper wire ;" whereas the TJ. 8. P. omits to prescribe the state 
of division of the albumen. 

In the U. S. P. the temperature' prescribed for this test is 38° — 40° 
C; in the G. P., 40° C; and in the E. P., P4''.4 C. 

The IT. S. P. and B. P. require that 1 part of pepsin should dissolve 
50 parts of albumen; the G. P. requires 1 part to dissolve 100 parts. 

Most of the pepsin now on the market in the United States probably 
dissolves more albumen than the U. S. P. demands, by the official test 
Many preparations sold as pepsin will be found, when subjected to this 
test, to dissolve several times as much coagulated egg albumen as 
demanded by the Pharmacopceia. The " digestive strength " of the 
preparation is usually indicated on the label, and it is fair that all such 
preparations should be tosted, not by the Pharmacopceial standard, but 
by the standard given on the label. 

For testing pepsin which is labeled U. S. P., or for which' no special 
claim or definite statement of peptogeuic jxiwer is made, the proper 
method is that of the Phannacopceia, which may be carried out as follows : 

PROCESS OF THE U. 8. PBABMACOP<EIA. 

Mix 1.50 Gm. of hydrochloric acid with 500 Co. of distilled water. 
This mixture should be made in sufficient quantity for several teste, as 
it is always best to make more than one test of the same sample; it is 
referred to below as " acidulated water." 
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Boil aa egg in water for ten miQutee. Separate the coagulated 
albumen, and rub it through a No- 30 mre sieve so aa to reduce it to a 
uniformly line state of division. 

Put '50 C.c. of the acidulated water into a wide-mouthed bottle capa- 
ble of holding about 200 C.c. Add 0.10 Gm. of the pepsin which is 
to be tested, and stir well. Then add 5 Gm. of the hard-boiled white 
of egg, mix well, fasten a paper cap over the mouth of the bottle with 
a rubber band; set It in a water-bath, and digest at a temperature of 
38" — 40° C, (100° — 104° F.) as long as may be required, not exceeding 
Rix hours, Btirriug the mixture occasionally. A thermometer must be 
kept in the water-bath throughout, and the temperature carefully con- 
trolled. The whole amount of the egg albumen should be dissolved, 
yielding an almost clear liquid, and the solution is usually accomplished 
within a much shorter time than the Pharmacoposia allows. 

GENERAL METHOD. 

Mi;^ 10 Gm. of hydrochloric acid and 1,000 C.c of distilled watw. 

Put 100 Co. of this acidulated water into a wide-mouthed bottle of 
suitable size^ add O.IO Om. of the pepsin, and 10 Gm. of the e^- 
albnmen, rubbed through a Na 30 wire sieve ; mix well ; digest at 40° C 
for two hours, stirring occasionally. 

Should any portion of the albumen remain undissolved, it may be 
washed with cold water, drained, and pressed, so as to bring it as nearly 
to its original condition as practicable, and then weighed, the loss in 
weight representing the quantity of albumen digested. This, however, 
is nnsafe, and may lead to erroneous conclusions, owing to the difficulty 
attending the correct estimation of the true amount of the undissolved 
albrunen. 

The better plan is to make a series of tests of the pepsin, with dif- 
ferent proportions of egg- albumen, until the maximum amount, which 
the pepsin is capable of converting, has been found. 
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CHAPTER XLIV. 



THE COHMONEB. AI.KAI.On)S. 

It ifliDtended in tliis chapter to give teats for the moet important of 
the alkaloids, only. Special works on analysis moet be conBulted for a 
diBcnseioa of others, and for the methods of detecting and eeparattng 
tliem in cases of poisoning. 

ALKAIjOU) BJIAGENTS. 

Solutions of several enbetances precipitate most of the alkaloids from 
ttieir Bolntions, and are therefore called general alkaloid reagents. The 
most important of these are : 

1. Picric acid. Solutions of this acid throw down jellowiah 
precipitates from solutions of nearly all the alkaloids. Most 
of them are insolnble ia excess of dilate H,SO,. Morphine 
is precipitated only from neutral solutions. 

2. Phosphomolybdic acid. A. solution of this acid in dilute 
nitric acid is a very delicate reageat, and precipitated aU Qte 
alkaloids. The precipitates are yellowish or brownish, and 
whea treated with solntions of alkaline hydrates or carbon- 
ates are decomposed with separation of the alkaloid 

3. Double iodide of mercury and potassium. This solution 
precipitates roost of the alkaloids as whitish flakes. 

4. Iodine in potassitim iodide. The solution used in volumetric 
analysis gives precipitates with salts of all the alkaloids, 
which are generally brownish red and flocculeni 

5. Solution of metatungatic acid. This gives fiocculeot precipi- 
tates with alkaloid solutions, and is an extremely delicate teet 
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6. Sobitiona of mercuric chloride, platinic chloride and auric 
chloride. Theee solutiona throw down fine yellowish and 
white precipitates from soIntioDS of most of the alkaloids. 

7. Sohition of tannic add. This gives dirty white floccnleat 
precipitates with many alkaloid eolations. 



QUimNE. 

Quinine is found in the market as the free alkaloid, QJit^'^jOfSHfi, 
or in the form of a salt, as the sulphate {C,^Sjyt)^SO,. 7H,0, the bisnl- 
phate, Ca^N,0,H,S0,.7H,0, and the chloride, C,^N,oJhCL2H,0. 

The solutions of the alkaloid and its salts are very bitter, and may 
be recc^nized by these tests: 

1°. Free alkalies or alkaline carbonates precipitate qninine as 
hydrate from solutions of its salts, when not too dilute. , 

By adding ammonia water and ether to a solution of a qninine 
salt, the alkaloid is liberated and dissolves, by shaking, in the ether. 

2". If to a solntion of a qninine salt, fresh chlorine water is added, 
and then an excess of ammonia water, a bright emerald-green color ia 
produced. 

By adding first chlorine watn, then solution of potassium ferrooy- 
anide, and finally the ammonia water, the solntion becomes deep led, 
but the color soon fades. 

3". Solutions of quinine or its salts (excepting the chloride, bro- 
mide and iodide) in dilute acids show an azure blue fluorescence. 
The reaction is best seen when the alkaloid or sulphate is dissolved 
in dilate snlphnric acid It is very delicate and characteristic. 

4°. Quinine and its salts respond to the tests with most of the 
alkaloid reagent& Tannic acid solntion gives a precipitate with very 
dilate aqueous solutions of qninine salts. 



QunaDiNii. 

This alkaloid has the same composition as qninine, but crystallizes 
with two molecules of water. Salts similar to those of quinine are 
formed, and many of the reactions obtained from quinine salts can bo 
obtained likewise from those of qninidine, The acid solntions are 
fluorescent, and the tests with chlorine water, ammonia water and ferro- 
cyanide of potassium are the same as before. These differences may 
be noted: 
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1°. It is less Bolable in water and ia 80 per oeot alcohol tiiaQ 
the preceding, but its anhydrous sulphate is easily soluble in chloro- 
form, while quinine enlphate is not 

2°. The hydroiodate obtained by precipitating a neutral solution 
of the sulphate by a neutral solution of potassium iodide, is only very 
slightly soluble in water, in vhich respect it differs from the corre- 
sponding quinine compound. 

CUTGHOBTZrE. 

The formula of this alkaloid is C^^Sj^fi- The crystals are auhy- 
droos; they form alkaline solutions having a bitter taste, and neutralize 
acids. The following points may be noticed: 

1°. Cinchonine is but slightly soluble in ether. Hence if it be 
liberated from its solution by addition of ammonia water, and ether be 
then added, the precipitate fails to dissolve, as was the case wiUi quinine. 

3°. Acid solutions of cinchonine are not fluorescent. 

4°. The addition of chlorine water and then ammonia water to 
cinchonine solutions produces a white precipitate. 

5°. The free alkaloid is very sparingly soluble in water, requir- 
ing 3,700 parts for solution. The anhydrous sulphate is readily 
soluble in chloroform. 

cnrcHOHEDinH. 

The formula Ci,HjjNjO has been given to this alkaloid, like the pre- 
ceding. 

Its solutions are alkaline, and neutralize acids. There are no points 
specially characteristic of cinchonidine, but the following differences 
may be noted: 

1°. It is but slightly soluble in water, about 1,700 parts being 
necessary for solution. 

The anhydrous sulphate is only sparingly soluble in chloroform. 

2°, The acid solutions of cinchonidine are not flnoi«eoent. 

3°. Chlorine water and ammonia, and these with potassium 
ferroeyanide, give no characteristic oolor reactions with solutions of 
cinchonidine. 
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TABI.E OF DIFFBBENCXS. 
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While it is beyond the scope of this work to go into a full discuseion 
of the many methods proposed for the separation of the cinchona alka- 
loidfl, it will not be out of place to give theae approximate teata for the 
purity of theseveral commercial products. 

1°. Quinine. Identitied by reactions with chlorine water and 
ammonia, flnores43ence of acid solutions, and by reaction with chlorine 
water, ammonia and potassium f errocyanide. 

Its purity is determined by the U. S. P. as follows: 

^' Quinine should afford no color, or none darker than a pale yellow, 
with undiluted sulphuric acid (abs. of foreign organic matters), nor 
should it be reddened by nitric acid (difference from morphine). If 1 
Gm. of quinine be mixed in a mortar with 0.5 Gm. of sulphate of 
ammonium and 5 Co. of distilled water, the mixture thoroughly dried 
on the water-bath, the residue (which should be neutral to test paper) 
agitated with lOC.c. of distilled water, this mixture macerated at 15° C. 
(59° F.) for half an hour, then filtered through a small filter, 5 C.c. of 
the filtrate taken in a test-tnbe, and 7 C.c of water of ammonia (sp. gr. 
0.960) then added, — on closing the test-tabe with the finger and gently 
tnmiiig it until the ammonia is fully intermixed, a clear liquid should 
be obtained. If the temperature of maceration has been 16° C. (60°.8 F.)> 
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7.5 C.C of the ivater of Mmnonia may be added; if 17° C. (62°.6 F.), 
8 C.C. may be added. In each instance a dear liq^nid indicates tiie 
absence of more than about 1 per cent, of cinchonidine and qoinidine, 
and of more than traces of cinchonine." 

2°. Quinine sulphate. (Process of Hesse.) Take .5 Gm. of the 
sulphate, add 10 C.c of water at a temperature of 50°-60° C, and 
shake thoroughly in a teat-tube. After ten minutes filter exactly 5 C.c. 
into a graduated cylinder, add 1 C.c of ether and 5 drops of ammonia 
water (strong). Close the graduate with a cork, shake gently and allow 
to stand two hours. At the end of this time no crystals should be dis- 
cernible floating in the ether layer. This indicates a satisfactory degree 
of purity (less that i per cent, of cinchoniDe sulphate, i per cent, of 
quinidine sulphate, or 1 per cent, of cinchonidine sulphate). 

If the salt contains ^ per cent of cinchonine sulphate or 1 per cent 
of quinidine sulphate, a precipitate forms in the ether immediately after 
shaking. If the cinchonidine sulphate present amounts to 3 per cent 
or over, a precipitate settles immediately from the ether. 2 per cent 
may cause a precipitate after 10 minutes. 

The form of the crystals indicates what is present Crystalline groins 
are characteristic of cinchonidine, and concentric groups of needles of 
cinchonine or quinidine. 

The following is the process of the U. S. P. : 

If one Gm., previously dried at 100° C. (212° F.), be agitated with 
10 C.c. of distilled water, the mixture macerated at 15° C. (59° F.) for 
half an hour, then filtered through a small filter, 6 C.c. of the filtrate 
taken in a test-tube, and 7 C.c. of water of ammonia (sp. gr! 0.960) then 
added, — on closing the test-tube with the finger and geutly turning it 
until the ammonia is fully intermixed, a clear liquid should be obtained. 
If the temperature of maceration has been 16° C, (60°.8 P.), 7.5 C.a of 
the water of ammonia may be added; if 17° C. (62°.6 F.), 8 O.e. may 
be added. In each instance a clear liquid indicates the absence of 
more than about 1 per cent of cinchonidine or quinidine, and of more 
than traces of cinchonine. 

3°. Quinidine ettlphate. The test given by Hesse (followed by the 
V. S. P.) is this: 

.5 Gm. of the salt and .5 Qm. of purest potassitun iodide are treated 
with 10 C.c. of water at a temperature of about 60° C, in a test-tube, 
which is well shaken. After an hour filter and add to the filtrate a drop 
<it ammonia water. No precipitate should form, showing absence of 
quinine, cinchonine and cinchonidine. 

4°. Cinchonine sulphate. The solution in dilute sulphuric acid 
should show no fluorescence, indicating absence of qninineor quinidine. 
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Chlorine water and ammoiiia should give do green color. I>ry 1 Gm. 
of the salt, place it ia a test-tabe, add 70 Om. ol chloroform, and nhake 
frequently thiongh an hour. 

It should dissolve completely, a residne remaining indicating Rmall 
amoxmta of qninine or cinchonldine. 

5°. Cinckonidine sulphate. The solntion in dilute sulphuric acid 
ahoQld not -bo fluorescent. 

A. green color should not be produced by addition of chlorine 
wat«r and ammonia. 

The salt treated with solution of potassium -sodium tartrate yields a 
white crystalline precipitate of cinchonidine tartrate, which is insoluble 
in excess. This is the basis of a test 

Treat .E) Gm. of the salt ^th 20 C.c. of cold distilled water, ana add 
.5 Gm. of the Bochelle salL The mixture is kept at a temperature of 
about lo°C., and shaken frequently through an hour. Filter, and to the 
filtrate add one or two drops of ammonia water. Kothing more than a 
slight turbidity should appear. This turbidity would occur in presence 
of small amounts of cinchonine or qninidine sulphate. 



ASSAY OT CINCHONA BABK. 

(TJ. S. P.) 

I. For Total Alkaloids. 

Cinchona, in Na 80 powder, and fully dried at 

100° C. (212° F.) 20 Gm. 

Lime 5 Gm. 

Dilnt«d sulphuric acid, solution of soda, alcohol. 
Distilled water, each, sufBcient 

Make the lime into a milk with 50 C.c of distilled water, thoroughly 
mix therewith the cinchona, and dry the mixture completely at a temper- 
ature not above 80° C. (176° F.). Digest the dried mixture with 200 
C.c. of alcohol, in a flask, near the temperatnre of boiling, for an hour. 
AVhen cool, pour the mixture upon a filter of about six inches (15 
centimeters) diameter. Binse the flask and wabh the filter with 200 
C.c of alcohol, used in several portions, letting the filter drain after use 
of each portion. To the filtered liquid add enough dilutc>d sulphuric 
acid to render the liquid acid to test-paper. Let any resulting precipi- 
tate (sulphate of calcium) subside; then decant Uie liquid, in portions, 
upon B Tei7 small filter, and wash the residue and filter with small 
portions of alcohol Dintil or evaporate the filtrate to expel all the 
alcohol, cool, pass through a small filter, and wash the latter wit(b 
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distilled vater slightly acidulatt>d irith diluted Knlpbtiric acid, until the 
HashiDgs are no longer made tiirbid by solution of soda. To the filtered 
liquid, concentrated to the volume of about 50 Co., when nesrly cool, 
add enough solution of soda to render it strongly alkaline. Collect the 
precipitate on a "nretted filter, let it drain, and wash it with small portions 
of distilled water (using as little as jxissible), until the washings give 
but a slight turbidity with test-solution of chloride of barium. Drain 
the filter by laying it upon blotting or filter paper until it is nearly dry. 
Detach the precipitate carefully from the filter and transfer it to a 
weighed capsule, wash the filter with distilled water acidulated with 
diluted sulphuric acid, make the filtrate alkaline by solntion of soda, 
and, if a precipitate result, wash it on a very small filter, let it drain 
well and transfer it to the capsule. Dry the contenta of the latter at 
100° C. (212° F.) to a constant weight, cool it in a desiccator aud weigh. 
The niunber of Om. multiplied by five equals the peioent^e of totAl 
alkaloids in the cinchona. 

IL For Q\Unine. 

To the total alkaloids from 20 Gm. of cinchona, previously weighed, 
add distilled water acidulated with diluted sulphuric acid, until the 
mixture remains for ten or fifteen minutes after digestion, just distinctly 
acid to test-paper. Transfer to a weighed beaker, rinsing with distilled 
water, and adding of this enough to make the whole weigh seventy 
times the weight of the alkaloids. Add now, in drops, solution of soda 
previously well diluted with distilled water, until the mixture is exactly 
neutral to test-paper. Digest at 60° C. (140° F.), for five minnt«s, then 
cool to 15° C. (59° F.) and maintain at this temperature for half an 
hour. If crystals do not appear in the glass vessel, the total alkaloids do 
not contain quinine in quantity over eight per cent, of their weight 
(corresponding to nine per cent, of sulphate of quinine, crystallized). 
If crystals appear in the mixture, pass the latter through a filter not larger 
than necessary, prepared by drying two filter papers of two to three and 
a half inches (5 to 9 centimeters) diameter, trimming them to an equal 
weight, folding them separately, and placing one within the other so as 
to make a plain filter four-fold on each side. When the liquid has 
drained away, wash the filter and contents with distilled water of a 
temperature of 15° C. (59° F.), added in small portions, until the entire 
fi1t<ired liquid weighs ninety times the weight of the alkaloids taken. 
Dry the filter, without separating its folds, at 60° C. (140° F,), to a con- 
stant weight, cool, and weigh the inner filter and contents, taking the 
outer filter for a counter- weight. To the weight of effloresced sulphate 
of quinine so obtained, add 11.5 per cent of its amount (for water of 
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orystallizafcioD), and add 0.22 percent, of the weight of ihe entire filtered 
liqnid (for solnbility of the crystals at 15° C). The sum in Gm., 
multiplied by Jive, equals the percentage of crystallized sulphate of 
quinine equivalent to the quinine in the ciochona. 

UOBFHIITS. 

Morphine, the most valuable constituent of opium, has the composi- 
tion C,,H^O,. It is bitter and but slightly soluble in water. More 
readily soluble in alcohol. The solutions are alkaline. 

Among the many tests by which it may bo recognized the following 
are perhaps the best: 

1°. A neutral solution of ferric chloride, added to a neutral 
morphine salt, or to a strong solution, produces a deep blue color. 

2°. Nitric acid gives a yellowish-red color with strong solutions 
of morphine. The color is not changed to violet on addition of 
etaunoDS ohloride (difference from bnicine). 

3°. A solution of five milligrams of ammonium molybdate in 1 
G.c. of strong sulphuric acid gives with morphine salts a reddish- 
violet color. This color gradually changes to greenish -brown, and 
finally to deep blue, by oxidation from the air. 

The test is best carried out in a porcelain dish. The three colors 
referred to must appear in the order given. The blue color alone is 
without significance, as many other organic substances produce it with 
the reagent. 

4°. Morphine and its salts dissolve, when gently warmed, in strong 
sulphuric acid. 

It, after cooling this solution, a few drops of sulphuric aoid (10-15), 
containing a little nitric acid, be added, and then two or three drops 
of water, a violet-red color is produced. 

If now some manganese dioxide be added, and stirred in with a rodi 
a mahogany color will be obtained. 

By diluting this largely with water, and adding an excess of 
ammonia, a brownish-red color is obtained. 

NABCOTZNE. 

This alkaloid occurs along with morphine in opium. It is scarcely, 
if at all, soluble in cold water. Alcohol dissolves it slowly, chloroform 
■«ery readily. 

The following tests may be employed to distinguish narcotine: 
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1°. Strong nitric acid forms with narcotine a colorless solutioo, 
whicli tuniB yellow on heating. 

2°. ChlorinQ water gives a yellowish- green color with solntions of 
narcotine salts. Ammonia added to this gives a bright yellowieh-red. 

3°. Solphnrio acid forms a violet, or in some cases a yellow, 
solution with narcotine. When heat is slowly applied an orange-red 
is obtained, and this changes to a bluish -vicJot. Further heat produces 
s blue, and if the solution is now cooled a deep red resnlte. 

The following is the U. S. P. process for Uie valuation of opium: 

ABSAT OF OPIUM. 

Opium, in any condition to be valued. 7 Qm. 

Lime, freshly slaked 3 Om. 

Chloride of ammonium 3 Gm. 

Alcohol and stroogei ether, sufficient. 
Distilled water, sufficient. 

TritnrBte together the opium, lime, and 20 Cc. of distilled water in 
a mortar, until a uniform mixture results; then add 50 C.c. of distilled 
water, and stir occasionally, during half an hour. Filter the mixture 
through a plaited filter, three to three and one-half inches (75 to 90 
millimeters) in diameter, into a wide mouthed bottle or stoppered flask 
having the capacity of about 120 C.c and marked at exactly <>0 C.c, 
until the filtrate reaches this mark. To the filtered liquid (represent- 
ing 5 Gm. of opium), add 5 C.c of alcohol and 25 C.c of stronger 
ether, and shake the mixture; then add the chloride of ammomnm, 
shake well and frequently during half an hour, and set it aside for 
twelve hours. Counterbalance two small filters, place one within the 
other in a small funnel, and decant the ethereal layer as completely as 
practicable upon the filter. Add 10 C.c of stronger ether to the con- 
tents of the bottle and rotate it; again decant the ethereal layer upon 
the filter, and afterward wash the latter with 5 C.c of stronger ether, 
added slowly and in portions. Now let the filter dry in the air, and 
pour upon it the liquid in the bottle, in portions, in such a way as to 
transfer the greater portion of the crystals to the filter. Wash the 
bottle, and transfer the remaining crystals to the filter, with several 
small portions of distilled water, using not much ukore than 10 Co. in 
all, and distributing the portions evenly upon the filter. Allow the 
filter to drain, and dry it, first by pressing it between sheets of bibulous 
paper, and afterward, at a temperature between 55° and 60" C. (131° to 
140° F.). Weigh the crystals in the inner filter, counterbalancing by 
the outer filter. The weight of the crystals in grammes, multiplied by 
iwenly, equals the percentage of morphine in the opium taken. 
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BTBTCHNZnB. 



Strychnine comes to us as the pore alkaloid, C„H^,0^ and com- 
bined as sulphate, nitrate, or other salt. 

The alkaloid is recognized by theee tests: 

1°. Strychnine is intensely bitter, and ahnost absolutely insoluble, 
in water. At 15° C. about 6,700 parte are necessary for solution. 
It is readily soluble in chloroform. 

2°. Most of the alkaloid reagente give precipitates with solutions 
of strychnine salts. 

Potassium snlphocyanide and mercuric pbloride give fine crys- 
talline precipitates, which, when observed under the microscope, 
present characteristic forms. 

3". Strychnine dissolves in stroog pure stdphuric acid to a color- 
less fluid. If to this a email fragment of some oxidizing agent, 
.as KjCrjO, or MnO, be added, and moved about with a glass rod, a 
deep blue violet color appears, which in tinie changes to wine red, and 
then to yellowish red. 

The test is best applied in a porcelain dish, and is very charac- 
teristic. 

4°. Strong nitric acid dissolves strychnine. 

The solution is colorless when cold (difference from bmoine), but 
becomes yellow on application of heat. 



BHUCINK. 

Brucine is found with strychnine in nux vomica and elsewhere. 
The alkaloid is bitter and poisonous, and appears in commerce in 
the pure state or in several salte. The formula is C„Hj^]Oj. 
The chief chemical characteristics are these: 

1°. Most of the alkaloid reagents give precipitates. With tannic 
acid the precipitate is flocculent and dirty white, with merctuic chloride 
and potassium snlphocyanide, crystalline. 

2°. Strong nitric acid dissolves brucine, forming a deep red liquid. 
This becomes yellow when heated. 

Reducing agents, as stannous chloride or ammonium sulphide, 
added to this liquid, change ite color to violet. In employing thia 
tost care must be takeu to avoid using too much acid. 
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8°. Bnunne U scdable in strong solphnric acid, giving a U^t 
lose color. A trace of nitric acid in sulphoric acid addod to Hob 
changes the color to bright red, turning yellow. 

4°. Chlorine water added to bmcine solations prodnoes a bri^t 
red color. If ammonia is afterwards added, a yellowish-biown ocdor 
is obtained. 

ASSAY PBOGBB8 FOB THE DBTEBMIirATIOir OF TOTAX. 
AI^KALOIDB IS SOLID EXTSLAOT OF NUX VOMICA. 

Take 1 Gin. of the extract; dissolve it in 24 Co. of water, heating 
gently if neoessoiy, and add 6 Qm. of sodinm carbonate previonsly dis- 
solved in 24 Co. of water, and then add 24 Co. of chloroform. Shake 
well, warm, gently, and separate the ehlorofonn solution. Add to this 
24 Cc. of diluted sulphoric acid mixed with an eqnal volume of water; 
again agitate, warm gently, and separate the acid liq^nid from the chlor- 
oform. To this acid liquid add now an excess of ammonia water, and 
agitate with 24 Ca of chlorofonn. When the liqaida have separated 
perfectly, transfer the chloroform solution to a tared capsule and evap- 
orate to dryness on a water-bath. Heat the residue for one hour on the 
water-bath, and then weigh. (The weight of the dry residue in Glm. 
multiplied by 100 represente the per cent, by weight of total alkaloids 
in the extract) 

ASSAY FBOCEBS FOB DETBBBSINIlTa THE TOTAL ALKA- 
LOIDS IN LIQUID EXTBACT8 (FLUID BXTBAOT, 
TIKOTUHE AND OTHEE PEBCOLATE8) 
OF NUZ VOMICA. 

Take 24 C.c of the liquid; evaporate almost to dryness on a wator- 
bath; dissolve the residue in 6 Co. of chloroform and 12 Cc. of diluted 
sulphuric acid with 12 Co. of water; agitate, and warm genUy. When 
the liquids have separated, draw off the chloroform, and add to the aoid 
liquid an excess of ammonia water and 12 Cc of chlorofonn; shake 
well, warm gently, and after the liquids have again separated completely, 
transfer this chloroform solution to a weighed dish, evaporate over a 
water-batli, and dry the residue tor an hour at 100° C (212= F.). Let 
the residue (the total alkaloids) cool, and then weigh. (The weight of 
crystals in Gm. multiplied by 5 represents the percentage by weight of 
total alkaloids contained in the liquid examined.) 
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URINE ANALYSIS, 



CHAPTER XLV. 



OTTTLINB OF TESTS. 

In the praotioal analysis of urme, snch as U customary for olimoal 
purposes, comparatiTely tew tests are required, and little apparatus is 
aeceesary beyoad that already used for other exadunations. 

Frequently a single test is snflScient to determine all the physician 
needs to know, as to the presence or absence of sugar or albumen, for 
instance. 

In the following pages those tests and prooeeses will be described 
which experience has shown to be amply sufficient for all praotioal 
requirements. They may be Eummarized as follows: 
1°. Detennination of specific gravity. 
2°. Observation of color and reaction. 
8°. Testing for albnmem. 
4°. Testing for sugar. 
6°. Testing for coloring matters. 
6°. Testing for biliary acids. 
7°. Determination of uric acid. 
8°. Detennination of urea. 
9°. Determination of phosphatesi 
10°. Determination of chlorides. 
11°. Bzamination of sediment. 
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SPECIFIC GRAVITY. 



The density or specific grtmtj of the urine secreted in 2+ hbnrs, 
Taries in health betweea rather wide limits, probably between 1.005 and 
1.030. 1.020 may be talcen as about the mean value at 15° C 

The specific gravity depends on the amoimts of liquid and solid food 
taken, and on the loss of water from the skin by perspiration. When 
this loss is great the specific gravity of the nrine is correspondingly 
increased, other things b.eing eqoaL 

In disease the density may be lowered below or increased above the 
Dcnmal valua 

For an absolutely eiact determination of the density the use of the 
pycnometer, Mohr-Westphal balance, or other apparatus is necessary 
But for our purpose the urinometer, or density bulb, is sufficiently 
accurate. This little instrument is shown in Fig. 25 at H. The 
urine to be tested is poured into a. narrow jar, about one Cm. widerthan 
the bulb, and, after the air bubbles have escaped, the urinometer is 
unmersed in ii When it comes to rest the degree at which it stands is 
read off, below the surface. Usually, the last two fignree only of th& 
density are marked on the stem, as 25, instead of 1.025. 

As the density of urine decreases about one degree for an increase 
in temperature of 3° C. it is important that the test be made at a definite 
known temperature, as 15° or 25° 0. 

By noting the amount of nrine passed in 24 hours, and the density 
of the mixed liquid, a rough determination of the solid matters con- 
tained in it can be made. For this purpose it is simply necessary to 
multiply the last two figures of the density by 2.33 (known as the 
ooefQoient of Haeser), which gives the approximate nomber of Ghn. in a 
liter. By proportion the amount for the day can be calculated from 

For example, 1,400 C.c. of nrine was passed, and its density was 
found to be 1.024, 

Then, 24 X 2.33 = 55.92. 
and, 1000 : 1400 :; 55.92 : x = 78.288. 
This calculation is frequently of service. 



OOLOB AND REACTION. 

In health, the reaction of the mixed nrine for 24 hours is always 
soid, and its color straw yellow. Many circomstances may produce a 
change in color, however. Increased consumption of water or decreased 
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perspiration would both tend to dilute tlia urine and lighten its color, 
'while it may become darker from the action of causea tenlding to ooii' 
«entrate it. 

In disease, various peculiar shades may be observed, from the 
admixttire of abnormal coloring matters. For the significance of these 
the student must consult works on the path<dogy of the urine. 



TESTING FOB ALBUKEIT. 

Albunaen occurs pathologically in the urine, and numerous tests have 
been proiK)sed for its detection. 

Nearly all of these depend on the fact that the soluble senim albu- 
men, which finds its way into the urine, can be coagulated and made 
visible as white flocculi, or as a white cloud when present in small 
t|uantity. Of the various methods of producing this coagulation, only 
thoHe will be mentioned which are most characteristic, and practically 
ito moat useful. 

1". Coagulation by heat. When a sample of urine is boiled a pre- 
cipitate u.sually forms. This in most cases consists of earthy phosphates, 
and is often sufficient to conceal s precij»itation of albumen possibly 
pre;^ent. If now to the boiled sample about one-tenth its volume of 
strung nitric acid be added, the precipitated phosphates will disappear, 
while the albumen will remain coagulated. It is necessary to add as 
much nitric acid as is here indicated, bi.:caitse a small amount may 
sometimes dissolve coagulated albumen, forming soluble acid-albumen. 
This acid albumen is broken up on the addition of more acid. 

Even when boiling does not throw down a precipitate, the addition 
of nitric acid cannot be omitted, as under certain circumstances boiling 
may produce a soluble combination between alkalies present and albu- 
meEi, which is stable. Nitric acid in sufficient qtiantity will break ap 
this combination, and bring about coagulation. 

If the urine is cloudy to begin with it should be filtered before apply- 
ing these tests. 

2*. Coagulation by nitric acid. As indicated above, nitric acid can 
coagulate albumen, and this test is frequently employed without pre- 
vious boiling. 

Several C.c of the strong acid are warmed in a test-tube, and over 
this is carefully poured an equal volume of urine, so as to overlie 
without mixing. If albumen is present a white ring appears at the 
surface between the two liquids. ^Vhen the urine contains an exoess 
of coloring matter the ring is variously tinted. 
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If urine is poured over cold acid, a precipitate may appear wldclt 
is not albmneu. This oaa happen when the urine is highly charged 
vith UToa, in which case crystalline nitrite of urea will separate oat, 
or where orates are abundantly present, in which case the ring will 
consiet ot very fine crystals of uric acid or acid urates. Both of these 
precipitates are dissipated by he^t, and if the nitric acid is previously 
warmed, they cannot appear. It is better to make the test as ju.st 
described than to use cold acid, and then try to warm a ring formed, 
as this would cause an admixture of the liquids sufficient to obscure a 
slight amount of albumen. 

It is sometimes recommended to pour the urine in a test-tubp, and 
then, by means of a pipette, to bring the acid under it. This modifi- 
cation works very well, but the acid should be warm, as before. 
When but a trace of albumen is present, a ring will not appear imiQe- 
diately, but after standing. It is well, therefore, in doubtful cases to 
set the tnbe aside for twelve hours and then observe it If a ring is 
now to be seen, heat should be very carefully applied to determine 
wheUier it is albumen, or the substances just mentioned. 

B°. TanreVa "dottle iodide " test. A solution of mercuric iodide 
in potassium iodide precipitates albumen from acidified urine. 

The test solution is prepared by dissolving 

HffCl, 13.54 Gm) ,„, . „_^, 

tu water to make one liter of solution. 

The urine to be tested, a few C.c, is strongly acidified with acetie 
acid, and treated with the reagent, a drop at a time. If a white cloud 
makes its appearance, as each drop passes down through the urine, the 
presence of albumen is indicated- 

This test is remarkably delicate, but unfortunately a few other sub- 
stances give the same reaction. It precipitates many alkaloids, but the 
precipitates are soluble in alcohol, while the albumen precipitate is not. 
It precipitates uric acid, but this dissolves by heat. The albumen 
precipitate does not 

The above tests do not distinguish between albumen and globulin, 
which sometimes is present in urine. To detect globulin the urine 
should be diluted until the specific gravity is about 1.002 to LOOS, and 
then very dilute acetic acid is to be added to acid reaction. The globu- 
lin may separate out during the addition of the water, before acidifying. 

Instead of adding acetic acid a current of CO, can be passed in t<ae 
some hours. AAer the separation of the globulin the clear liquid can 
be used for albumen tests. 
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Fibrin may sometimes find its vay into the mine and appear aa a 
stringy mass. This should be filtered off and vrashed trith water, and 
then treated with a 10 per cent, solution of sodiom chloride. Fibrin 
dissolves in ench a solution. 

Other forma of albuminous matter have been occasionally deteet«d 
in the urine; but their oocurrenoe is too rare, and their detection nsoally 
too difficult, to warrant a description here. 

The student will find a full discussion of this subject in Nenbaaer 
and Yogel'e " Analysis of Urine." 

TESTING FOB 8UOAB. 

Under pathological conditions several varietdea of suji^ar have been 
detected in urine, but it will be neoessary to describe the tests for one 
of these fonnsonly, viz., grape sugar, dextrose or gluooae. 

Usually s urine containing sugar is characterized by a icQatively 
high specific gravity, so that this in itself is an indication. It must be 
obserred, however, that the statements of many of the books on this 
point are a litU^ misleading. 

A. specific gravity of 1.080 and a volume of 1500 G.c daily are not 
neoeesarily signs of the presence of sugar, as this density may be due to 
the presence of excessive amounts of urea and sodium chloride. Men 
who eat a great deal of meat with an abundance of salt pass urine of 
high density, and several cases of this sort have come under the obser- 
vation of one of the suthoTs where a density of 1.030 was the rule. 

On the other hand, it must be remembered that sugar has been found 
in ariue having a density of 1.020, and lower even. 

Among the chemical tests for the presence of sngar, the following 
are the best: 

1°. Use of the Fehling solution. The preparation of this reagent 
has been given under the volumetric tests. The mixture of the 
copper solution and alkaline tartrate should be freshly made and diluted 
with two or three volumes of water. Take of this finid five to ten O.c, 
boil it in a test-tube, and gradually pour in the urine. If sugar is 
present a yellovrish precipitate makes its appearance, which on further 
boiling changes to red. If the precipitate cornea down on the addition 
of the first few drops of urine, sugar is present in considerable amount. 
If it appears only after an equal bulk of urine has been poured into 
the fluid, but a small amount is present, ia all probability. 

Instead of the Bochelle salt or other tartrate in the Fehling solu- 
tion, various other snbstancee have been proposed. Years ago LOwe 
and Kletzinsky recommended glycerine as a substitute, in the belief 
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that it would hold the copper hydrate in aolutioa mthont prodncing 
a spontaneous precipitation of the etLboxide. More recently mannite 
has been suggested for the same purpose, but tliere seems to be no good 
reason why either should be employed. 

The Fehling solution prepared, as directed above, £iom pore mate- 
rials, keeps unchanged for years (that Ib, the alkaline tartrate and 
sulphate in different bottles), and can even be used for quantitative i^ttia 
■with perfect safety. 

It is especially necessary to use a thoroughly purifiod Bocholle nalt 
in the preparation, but there is now no difficulty in finding this in the 
market. 

2°. The Trommer teat. In this, the final reaction is the same as 
above, and the same principles apply. If urine containing sugar is 
made strongly alkaline with potassium or sodium hydrate, and then 
mixed with a small amount of solution of copper sulphate, no 
precipitate of copper hydrate falls, as the sugar acts as does the tar- 
trate of the Fehling liquid to hold it in solution. 

The test is carried out by adding to a few Co. of urine an equal 
volume of strong alkali solution, and then a few drops of the dilute 
copper sulphate solution. In presence of sugar a blue colored clear 
liquid is obtained, instead of a light blue precipitate. This, however, is 
not a sufficient test, as other substances sometimes present in urine act 
in the same way. If heat is now applied gently a yellowish-red precipi- 
tate falls. When urine containing sugar is treated in this way, but 
allowed to stand 24 hours without heating, a precipitate should appear. 

This should be tried as a confirmatory test, as other organic matters, 
found in urine, are capable of reducing hot alkaline copper solutions to 
some extent. Uric acid and the urates have this property. If albumen 
is present it must be eliminated before trying this, or the preceding 
test, as it gives a precipitate with the copper solution. 

3". The BUmuth tests. If to a solution of sugar made strongly 
alkaline with potassium or sodium hydrate, a little subnitrate of bis- 
muth be added, and heat applied, a characteristic black color will appear, 
due to the reduction of the bismuth salt to the state of lower oxide or 
metal. 

To apply this test to urine, take a few C.c. in a test-tube, add excess 
of alkali, and about one-tenth Gm. of the bismuth subnitrate, and boiL 
In presence of sugar the black i-esidue obtained is quite characteristic. 

If the orine contains albumen the sulphur in this could produce 
black sulphide of bismuth in the working of this t«st Albumen must 
therefore be removed, which can be accomplished in several ways. In 
this case it is beat to employ BrtLcke's method: 
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Prepare a solntion (Fron's reagent) by disaolvrnf; 7 Gm. of potassinm 
iodide Id 20 G.c. of vater, and adding to this, after beating, Id Gm. of 
bismuth snbnitrate, freeMy precipitated, and about 1 C.c. of strong 
UCl. Keep hot until all is dissolved. An orange-red Eolntion is 
obtained. 

This reagent precipitates albumen,- but rb it is rendered turbid by 
water the amount of acid necessary to prevent this for a given volume 
mutit be ascertained before it can be uRed with nrina This can be 
determined by adding a little of it (a few drops) to some water iu a 
test-tub^ and then dilute HCl nntil the precipitate just disappears. 
The test proper is then made by taking the same quantity of urine 
and adding the same amount of acid and the reagent. 

Albumen and other disturbing substances precipitate, and can be 
filtered off. The clear filtrate should uot be made turbid by HCI or 
the reagent. It is then made strongly alkaline with EOH or NaOH, 
and boiled. In presence of sngar a black precipitate is formed as before. 

Uric acid does not cause a similar reduction of the bismuth salt 

4°. Other iesH. The presence of sugar in urine can be shown by , 
fermentation, that is, by converting it into alcohol and carbon dioxide; 
also by numerous other chemical nmcttons. In cases of doubt the action 
of the urine in the polariscope may be taken as decisive^ The plane 
of jxilarized light is turned slightlg to the left by normal urine, while 
a small amount of sngar canses it to deviate to the right. 

5°. The amount of sugar. The per cent of sugar present in urine 
can be detemuned by the Fehling solution as given under Volumetric 
Analysis. 

Measure out 25 C.c of the copper solntion, 25 C.c. of the alkaline 
tartrate, mwking 50 C.c. of the deep blue liquid, and add an equal vol- 
ume of strong potassium or sodium hydrate solution. Boil in a beaker 
or fla:4k, and ran in the mine, previously diluted exactly with two to four 
voliDiies ofvxiter, from a burette. 

The first test gives approximately the volume of urine required, 
and sev^al other trials should be made to determine the exact point. 

The precipitated copper suboxide settles rather slowly from uriue. 
It may be necessary to dilnt« the Fehling solution with water, after 
adding the alkali, in snch cases. 

In urine testing 1 C.c. of the Fehling liquid may be taken as 
equivalent to 5 Mg. of glucose. Extreme accuracy is not i>ossible, as in 
the titration of pure water solutions. 

Albnmen, if present, mnst be coagulated by heat and a few drops 
of acetic acid, and filtered ofF. 
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TESTING FOB COLOBINQ UATTEB8. 

KotwithatADding the nomeroos inTeetigations whicli have be^i 
carried out on this anbjeot, the real coloring matters of Donnal mine ate 
not known Trith certainty. 

A number of deoompositioii prodoote have been described by dif- 
f erent investigatora. 

a. NOBUAI. COI.OB& 

1°. Urobilin, This is looked upon by several aathors as the chief 
urinary pigment It is 'a reddish-brown amorphous substance, not 
very soluble in water, but soluble in chloroform, ether, alcohol and 
alkaline solutions. 

In many normal urines it can be detected only with difficulty. 
The following methods may be employed : 

Add ammonia water to strong alkaline reaction and filter, if neces. 
sary. Then add a few drops of solution of zinc chloride, but not 
enough to give a permanent precipitate. In this way a zinc salt is 
formed, which shows a peculiar greenish fluorescence. 

Very few normal urinee contain enough of the coloring matter to 
give this test. It can usually be shown by the follovnng : 

Precipitate 200 C.c. of urine vrith basic lead acetate. Wash the 
precipitate with water and dry it. Then wash it with alcohol. 

Finally, digest with alcohol containing a little solphnric acid, and 
filter. The filtrate is usually fluorescent. Make it strongly alkaline 
with ammonia and add solution of zinc chloride. This will give the 
fluorescence referred to above if but little is added; while if an excess 
of the zinc chloride is added, a reddish precipitate falls. 

2°. Urophain. This is the name given by Heller to a substance 
indentical with, or similar to, orobilin. Heller gives this test : Tiike 
a few C.c. of strong sulphuric acid in a conical gloss and pour on it. 
drop by drop, about twice as much urine. As the two mix, a deep 
garnet red is produced. 

Thb reaction is not, however, characteristic, as several other matters 
may give it. 

3°. Urohcematin is the name given by Hurley to a coloring matter 
similar to the above. He applies this test : Dilute or concentrate the 
urine so that it is equivalent to 1,800 C.c. for the 24 hours. Take a 
few C.c. in a test-tube or wine-glass and add one-fourth of its volume 
of strong nitric acid. No change of color can be observed if the nro- 
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luematia is present in normal aiooant. If more than this ie present 
various shades from pink to red may be produced. - 

4°. Jndican is foimd in normal orinee in very Bmall amount only. 
It msyl under favorable oircumstanoes, be found as here given : Take 
about four Co. of ptire hydrochloric acid in a test-tube and add abouL 
half as much urine, shaking well. A blue or violet color shows indican, 

A more generally applicable method is thia : To 10 C.c. of urine 
and the same volume of strong pure HCl add 2 or 8 Cc. of fihloroform. 
Then add, drop by drop, solution of sodium hypochlorite, shaking after 
each addition. The hypochlorite acta as an oxidizing agent, liberating^ 
the coloring matter, which is then taken ap by the chloroform. 

The oxidation must not be carried too far : that is, too maoh bypo- 
ohlorite must not be added, as it woold then destroy the color as fast- 
as formed. 

Albumen most be separated by ooagulation before applying either 
of these tests. 

b. ABNOBHAL OOLOBS- 

In disease several other coloring matters may appear in urine, the- 
most important of which are those of the bile and blood. 

1°. Biliary colors. Numerous tests have been given for the 
detection of these: 

(Gmeliu's test). Pour in a test-tube about 5 C.c. of urine, and by 
means of a small pipette bring under this about the same volume of 
nitrio acid containing some nitrons acid. If this is carefully done, th» 
liquids will not mix very much, and where they join several colored rings 
can be seen, of which the green is oh&racteristic 

Fleischl modified thia test by mixing the urine with solution of 
sodium nitrate, and then adding strong H,SO, by a pipette so as to form 
a layer below. Nitric acid is liberated, and acts as above 

(Trousseaa's test). Add to some urine in a test-tnbe several drops 
of tincture of iodine. If the bile pigments are present, the urine 
assumes an emerald, green color. 

2°. Hlood coloring matterg. Blood itself in urine can be beet 
detected by means of the microscope. Sometimes its essential coloring 
matter can be found, when the presence of corpuscles cannot be shown. 

(Heller's test). Make the urine strongly alkaline by sodium 
hydrate and boil in a test-tube. This precipitates the earthy phos- 
phates, which are colored blood red by the separated luematin. 

(Stmve's test). Make the urine fQightly alkaline by sodium hydrate 
solution, and add solution of tannic acid in acetic acid, sufficient to 
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change the reactioo. " II htemoglobiti la preeeat a colored precipitate of 
lisematin tannate falls. 

(Almen's teat). Add to about 3 C.c of spirits of torpentine on equal 
Toluise of fresh tincture of guaiacum and shake nntU an eauulsioD forms. 
Add to this the urine, drop by drop. If blood-colonng matter is pres- 
«nt, the precipitated gaaiactuu is ooloied blue, while with normal mine 
it is dirty white. 

TESTIITG FOB BILIABY ACIDS. 

There is no simple test whidh can be applied direcUy to the urine 
which will give a certain indication of the presence of these acids. 
They must £rst be separated from the large amount of other substances 
present, which can be done in this way (Neukomm): 

Evaporate 300 to 500 Cc, of urine nearly to dryness; extract with 
ordinary alcohol, evaporate this solution, and extract the residue with 
absolute alcohol. 

Evaporate this and take up the residue with water. Precipitate the 
solution by lead acetate, avoiding excess ; allow to settle, wash with 
water on a filter, and dry by pressing between bibulous paper This 
leaves an impure lead salt of the acids. Extract it with hot alcohol, 
and filter; add sodium carbonate to the filtrate, evaporate to dryness 
and extract the sodium salt, thus formed, with absolute alcohol. Evapo- 
rate again, add some water and apply the Pettenkofer test, as follows: 

To the solution add one or two drops of a 20 per cent, cane sugar 
solution, and then some strong sulphuric acid, slowly, to avoid heating. 

It is best to immerse the test tube in water to keep the temperature 
below 00° C. 

As the acid mixes with the liquid, a viidet or purple color is pro- 
duced. 

Euelz recommends to evaporate the solution on a water-bath to 
-dryness, to moisten the residue with a drop of dilute sugar solution, and 
then with a drop of the strong acid. The color appears almost immedi- 
ately, but can be sharpened by heating the evaporating dish a few 
seconds on the water-bath. 

Applying either of these tests directly to urine is unsafe, as the 
coloring and other matters present would interfere very much with the 
xeaotiou. 

TESTING FOB ITBIO ACID, 

Uric add occurs in the urine combined with several bases. 
Allowed to stand, urine frequently deposits it as a sediment, in which 
it can readily be detected by means of the microscope. 
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Its presence m&j also be shown in the Bedintent by tMs test: 

Throw the sedimeat oa a filter and wash once with water. Place 
the residue in a porcelain dish, add a drop of strong nitric acid, and 
oraporate to dryness on the water-bath. A yellow or brown moss is 
obtained, and this touched with a drop of ammonia water turns purple 
(murexid teat). 

The amount of tirio acid can be approximately determined by taking^ 
200 C.e. of urine and adding 20 Co. of strong hydrochloric acid ' This 
liberates uric acid from its combinations. Allow the liquid to stand 48 
hours in a cool place. Collect the sediment on a weighed filter, wash it 
with cold water, dry and weigh )L 

The precipitate is not quite pure, but contains other substances. On 
tiie other hand uric acid is not quite insoluble, and some is dissolved by 
the wash -water. 

When more than 30 C.c. of the latter is used it is neceeeaiy to add 
a correction to the weight of the acid on the filter. For every 100 C.c. 
of wash-water and filtrate, Schtuaneri advises to add 4.8 Mg. 

In presence of albumen it is necessary to coagulate and filter. 

The day's urine can contain 400 to 800 Mg. 



DETEBKIHATIOIT OF UBEA. 

TJrea oocnrs normally in urine, being the chief nitrogenous constitu- 
ent It can readily be found by concentrating 50 C.c of orine to half 
ite bulk, cooling, and adding a few C.c of strong nitric acid. The urea 
separates out as nitrate in glistening plates. 

Its amount can be readily and accurately determined by several 



LIBBIO'S METHOD. 

The principles upon which this method is based are these: 
A dilute solution, of mercuric nitrate precipitates a dilate urea solu- 
tion, according to tliin equation: 

2CON^,+4Hg{NO,),+3H,O=2CON^..Hg(NO.)^3HgO+0HNOr 
This precipitate is white, and contains 10 parts of area for every 72 
parts of HgO. 72 Qm. of HgO dissolved in HNO, should precipitate, 
therefore, 10 Gm. of urea. 

The same solution of mercury gives a yellow precipitate with solu- 
tion of sodium carbonate, which is used as an indicator. 

If the mercury solution iu a burette is run into the urea solution, 
and from time to time a drop is removed and brought in contact with 
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the Bodiom carbonate, a point is reached where the urea is all oombined, 
and the excess of mercury gives a yellow precipitate witii the sodiom 
carbuuate. However, working in this way, for 10 parts of area more 
than 72 parts of mercuric oxide are required, according to Lieb^ and 
Fflueger 77.2 parts. 

Prepare the following solutions: 

. 1. Solution of urea oontainiiig 2 per cent 

Dissolve 2 Gm. of pure nrea, to make 100 C.c of solution. 

2. Standard mercuric nitrate solution, of which 1 C.c will oor- 
respond to lU Mg. of nreo^or one-half Co. of the urea soln- 

Dissolve 77.2 Gm. of HgO or 71.5 Gm. of Hg in strong 
nitric acid. Hvaporate with addition of more HNO, until 
no more red fumes are produced, and concentrate to thick- 
neaa of a syrup. Now add water gradually, and finally 
enough to make a liter of cold solution. 

If a basic precipitate separates out, allow it to settle, 
dissolve it in a little HNO^ and add it to the solution before 
making up to a liter. 

3. Saturated solution of sodium carbonate. 

4. Baryta solnUon. 

One volume of cold saturated solution of barinm nitrate, 
mixed with two volumes of fxAA satarated eolation of barium 
hydrate. 

Measure off 10 O.c. of the tirea solution in a be&ker and run in about 
18 C.c. of the mercuric nitrate from a burette. Shake well, and by 
means of a glass rod bring a drop in contact with a drop of the sodium 
carbonate solution on a dark glass plate. . No yellow precipitate should 
appear yet Continue the addition of the mercury solution until on 
bringing the drops in contact a yellow precipitate is just visibla If the 
mercury solution is correct, 20 C.c. should be required for this. 

Before testing urine, phosphates and other substances interfering 
with the reaction must be removed. To this end 40 C.c. of uriue 
and 20 C.c. of the baryta solution are mixed, well shaken, and filtered 
through a dry filter. The filtrate is alkaline if enough baryta solution 
has been added. 

15 C.c. of the filtrate contain 10 C.c. of urine, and the solution so 
prepared is ready for titration, as above. 

Where great accuracy is desired, several coirectione muat be made 
in the process. The chlorides in the urine combiue with the mercuiio 
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nitrate, and no precipitate of urea is formed nntil they have been com- 
pletely converted into HgCl^ About 2 C.c of tlie mercury solutiou is 
reijuired foi this; but to make an accurate test it is necesBary to pre- 
cipitate out the CI as A^I by a process booq to be given. The liquid, 
filtered through a dry filter, is ready for the baiyta solution. 

Another correction is necessary where the amount of urea present 
exceeds 3 per cent. 

The mercury solution was standardized by a solution of urea con- 
taining 2 per cent, and if the urine tested contains much in «xcesH of 
that, the following correction is necessary: If over 30 C.c. of the mer- 
cury solution are required for the 15 C.c. of filtrate from the baryta 
precipitate, half as many C.c. of wat^ as this excess is above 30 most 
be added before making a second titratioD. 

Where much below 80 C.c. is employed, tor every 4 C.c. of such 
deficiency subtract .1 Co. from the amount used, and make the calcu- 
lation from this. 

If albumen is present it should be coagulated by boiling with a drop 
of acetic acid, and filtered oft. 

Two per cent,, or about 80 Ghn. daily, may be taken as the mean 
amount of urea secreted. 

BY LIBERATION OK NITEOQMN. 

A solution of area is decomposed by a solution of a hypochlorite or 
hypobromite, according to the following equation: 

CON^,+ 3NaOBr= N,+CO,-t-2H,0+3NaBr. 

By adding to the urea solution a strongly alkaline solution of the 
hypobromite, the liberated CO, would be absorbed, and the nitrogen 
alone would escape in the gaseous state. It is simply necessary to 
collect and measure this gas accurately to determine the weight of urea 



As 60 parts of urea furnish 28 parts of nitrogen, 1 Om. will evolve 
371.4 C.c., measured atO" C, and 760 Mm. bar. From which it toUows 
that 1 C.c. of gas corresponds to .00269 Gm. of urea. 

Several forms of apparatus have been suggested for the collection 
of the nitrogen. The form shown in Fig. 22 is sufSciently convenient for 
all practical purposes. 

The large jar is filled with water in which stands a burette, the 
larger end down. 

The drawn out end is connected by m.eans of rubber with a small 
wide-mouthed bottle, in which is poured the hypobromite solution, and in 
which is placed, also, a small test tube containing the urine to be 
decomnosed. 



db.Google 



*>0 analytical; chemistry. 

By incUning the bottle the hj-pobromit« and urine mix, when the 
reoction commencea. The gas liberated displaces water in the burette, 
and can be thus measured. 

Prepare the hytiobromite Kolution as follows: 

Dissolve IfMt Qm, of good sodium hydrate in 250 C.c. of water. 
When this is cool, add, by means of a funnel tube, 25 C.c of bromine, 
a little at a time. 

This solution contains a sufficient excess of alkali to hold the CO^ 
from the reaction. It does not keep very wolL 



The process is carried out in this way: 

Take 5 C.c of urine in the small tube, and place this carefully m 
the botUe into which 15 C.c. of the hypobromite solution has already 
been pound. Place the burett* iu the jar, and when the apparatus and 
water have stood long enough to acquire the temperature of the air, 
connect it with the bottle. By means of a wooden clamp lift the burette 
until the water inside is on a level with that on the outside, and note 
the position. 

Note also the temperature of the air, and the barometric height 
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Now invert the bottle, and shake it front time to time. The nitragen, 
or its equivalent Tolame of air, passes over into the burette and forces 
oat some of the water. When, after repeatedly shakiog the bottle, no 
increase in the voltune can be observed, allow the whole apparatus to 
stand until the gas has become thoroughly cooled. 

Then lift the burette to restore the level, and read the position 
agaia The difference between this and the first reading is the volume 
of the gas at the observed temperature and presenre. 

This volume can be reduced to standard conditions by the following 
equation: 

■ V — reduced volume. 
V = observed volume. 

Y V (B— w)__ B = barometric presBure. 

~ 7*(() (l-f .(ibSOOt) w = tension of water vapor at 

temperature t. 
t ^= temperature observed. 

The values for w at different temperatures ore given in this table 
(Bunsea) : 

10° 9,165 Mm. I 18° 16.867 Mm. 

no 9.793 Mm. i 19° 16.348 Mm. 

18° 10.457Mm. 20° 17.891 Mm. 

13° 11.163 Mm. 21° 18.4B5 Mm. 

14° 11.908 Mm. 8S° 18.659 Mm. 

15° 12.899 Mm. 38° _ 20.888 Mm. 

1B° I3.536Mm. 24" 22.184 Mm. 

17° 14,421 Mm. 85° 83.660 Mm. 

Having thus the volume of the gas under normal conditions, the weight 
of urea corresponding can be calculated by the data already given. 

The result, however, is too small, as experiment has shown that only 
abont 92.5 per cent of the urea present can be obtained by thin method. 

A correction mu-st therefore be made. 

Duggan {Am. Chem. Jour. TV, 47), has succeeded in obtaining the 
tlieoretical yield of nitrogen, by mixing the urine and sodium hydrate 
solution, and then adding the proper amount of bromine. 

For practical purj>osos it is not neces.sary to make the corrections for 
temperature, pressure, and loss of nitrogen ju.st referred to, as they 
nearly compensate each other. It will be sufBciently accurate to calcu- 
late .0027 Gm. urea for each Cc of nitrogen. 

Squibb has proposed a very simple form of apparatus with which 
the U. 8. P. solution of sodium hypochlorite, " chlorinated soda," is 

This places the test within reach of every practitioner, and can be 
heartily recommended. 

Several other methods of urea determination have been described, 
but the above are those most generally employed. 
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DETEEMUIATION OF PHOSPHATES. 

' Pliosphoric acid occnra in urmecombinedwithmetalsolthe alkaline 
and earthy groups. To detect the latter add ammonium or sodium 
hydrate solution; a bulky white precipitate falls, if the urine is normal. 
If coloring mattere are present in abnormal amount the precipitate is 
not white. 

The earthy phosphates seem to be held in solution very loosely: 
according to some authorities by carbonic acid, and awording to 
others by ammonium chloride; bo that application of heat, by driving 
off these substances, may caTvse precipitation. In testing for albumen 
by heat alone phosphatpa usually fall. 

The alkaline phosphates may be detected by filtering off the oai-thy 
phosphates precipitated by ammonium hydrate, and then adding 
magnesia mixture. Under these oircumstances the phosphoric acid is 
thrown down as white crystalline ammonium -m^neaium phosphate. 

The amount of phosphates present may be found by measuring off 
50 C.c of urine, adding 5 C.c of solution of sodium acetate, heating 
and titrating with uranium solution as described under the head of 
Tolumetrio Analysis. The results are accurate. 

About 3 Gm daily of phosphoric acid (phosphoric anhydride, PA> 
may be regarded as the mean amount excreted. 

DETEBMINATIOIT OP CHLOBIDE8. 

The chlorides in urine may be detected by acidifying a small amount 
with nitric acid, and adding solution of silver nitrate. A white precipi- 
tate of sUver chloride falls. 

The amount may be determined by evaporating a measured volume 
(10 to 15 C.c.) to dryness in platinum, with about 2 Gm. of KNO, 
The residue is charred to bum off organic matter, diseolved in water, and 
titrated with solution of silver nitrate as already explained among the 
volumetric tests. 

According to a process recommended by Arnold, it is not necessary 
to evaporate the urine. Take 10 Co. of urine, make strongly acid with 
pure nitric acid, then add two C. c. of solution of ferric ammonhun alum, 
and two or throe drops of solution of potassium permanganate. After 
shaking a few seconds the deep red color fades to light wine yellow. 

The solution can now be titrated with silver nitrate and ammonium 
snlphocyauide, as already explained under Volumetric Analysis. 

The acid and permanganate destroy coloring matters, which would 
interfere somewhat with the test 

The chlorides in the urine amount to ten or fifteen Gm daily, in the 
mean. 
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EXAKlirATION OF THE 8EDIUENT. 

On standing, urine deposits a sediment containing one or more snb- 
stftnces, the recognition of wliioh is frequently a matter of great 
importance. 

The oonstituente of this sediment may have been in solution when 
the urine was passed, and settled oat because of change of temperature 
or from other physical or chemical dlHturbanoe. Or, they may have 
been simply suspended in the urine, and settled oat when it was brooght 
to rest in an appropriate vessel 

The substances composing the sediment may be class as organized 
and unorganized, and under the latter are distingoished two groups of 
compounds, the organic and inorganic. 

The following table gives a list of the most important bodies hers 
recognized : 

OBQANIZED. JTSOnaAHIZBD. 

Organic. Inorganlo. 

Mucus corpuscles. Uric add. Calcium carbonate. 

PoB corpuscles. Urates. Calcium phosphate. 

Blood corpuscles. Leuciu. Calcium oxalata 

Mucin bands. Tyrosin. Triple phosphate. 

Epithelium cells. Oystin. And others. 
Casts of uriniferous tabnlee. 



Fungi. 

The organized substances are not crystalline, while most o^ the 
unorganized usually occur in that condition. For their recognition a 
microscopic examination is in most oases indispensable, and for this 
purpose about 100 C.c. of the mine should be allowed to stand 12 to 24 
hours in a conical glass in order that the sediment may have ample time 
to settle out. The supernatant liquid is then poured off, and by means 
of a pipette a small drop of the residue is transferred to a clean slide, 
covered with a piece of thin glass, and placed on the stand of the micro- 
scope, ready for examination. An amplification ' of 250 diameters is 
perhaps the most convenient to employ. 

For an explanation of the origin and diagnostic value of these 
deposits the student must consult works on the pathology of the mina 

The chief forms are shown in plates I, II, m, IV and T. 
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Table of Symbols utA Atomlo Weight* used in fbls Book. 



Element. 
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LIST OF BEAGENT8 AND TEST SOLTTTIONS. 

Add, Bolphnrio (Btn>ng).~The commerdal acid Is sufBdent for most por- 
poees, where a strong acid Is called for. Where the pure acid Is required It will 
be mentioned to the text. 

Aoid) aulphurlo (dilate).— Add one part of the above acid to four parts of 
^stilled water, mix thoroughly, and allow to stand twenty-four honre. Then 
Nphon, or pour off the clear liquid, which 1b ready for use. The trtrong acid must 
be poured into the w&ter very slowly, and with constant stirring, to avoid a too 
sudden elevation of t«fflperature. 

Aoid, nitric (strong). — The strong commercial acid can be employed la 
mo«t caees where this acid is called for. A pure strong acid la also employed, 
occadooally 

Aoid. nitric (dilnte).— Where this acid is called for sa a reagent It should 
be made by mixing one part of the pare strong acid with four parts of distilled 
water. It should be free from tracee of chlorine and sulphates. 

Acid. bydrooUorio {strong).— The yellow commercial acid Is largely 
used in the laboratory in the preparation of other substances. It is seldom pur« 
enough to be employed as a test reagent. 

A colorless acid, free from organic matter; Iron and traces of sulphates must 
be nsed when the pure strong acid is called tor. 

Aoid, hydrooMorio (dilute).— This is frequently used In liberating hydro- 
gen sulphide, carbon dioxide, and hydrogen, and for other purposes, and need 
not be pure. Where the dilute acid ia called for as a reagent it must be made by- 
mixing one part of the pure strong acid with four parts of distilled water. 
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It must be colorlefla, Hnd free from Uaces of metals and fltllphnrlc acid. 
Add, ROetio.~Mlx one part of the pure" gUcisl" add irith four parta of 

AoicI, snlphydric (hjdrogen snlpbide).— This gaa Ib made b; the action of 
dilute Jiydrocbiortc acid on lumps of ferrooe sulphide. The gas, as liberated, is 
pused through a wssb-bottle andtbrniDtothe solution to be preclpitated- 

A solution of the gas in w&ter is also frequently called for. It is made bf 
passing the gas Into water until the latter is saturated. The apparatus. Fig. 28, 
majr be emplt^ed. The sulphide of iron is contained in the middle vessel. The 
acid is poured into the upper one, which is connected with the lower one bj a 
wide tube passing through the middle one. When the escape cock is open the 
acid rises into the globe containing the sulphide, and produces a disengagement 
of the gas. Afterwards, when the cock is closed, the pressure of the gas fnces 
the acid back into the upper globe, and thus arrests its action. 

Another iarm is shown in Fig. 24, wliich explains itself. 



AmffiODia water. — The strong solution is seldom used in fmalyslB. The 
solution usunllj employed is made hj miiingoneTolnme of the stronger ammonia 
water (contrining about 28 per cent of the gas) with three volumes of distilled 

The solution should t>e free from carbonic acid, as presence of tliia would 
interfere with several of the tests where it ia employed. 

Ammonium oarboDate.— Dissolve one port of the pure powdered crystals 
in Ave parts of dilute ammonia water. 

Ammoainm obloride. — Dissolve one part of the pure salt In ten parta of 
water. 
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AmmOQlnm molybdate.— A mIq^od of this salt Is chiefly used as a test 
fof phosphoric acid, and should be prepared in this way: Dissolve 3 Gm, of the 
ciystalB In 20 C.c. of water, and ponr this solution in 20 C.c. of strong nitric acid. 
Warm the mixture to about 40° C. (not above), and allow to settle. 

As the reageot does not keep well, it should be made only In small quan- 
tities. 

Ammonium oxalate.—Dissolve one part of the pure crystals in twenty 
parts of water. 

Ammonium sulphide .—Dilute a quantl^ of stronger ammonia wat«r 
with an equal volume of water. Take three-flfths of this mixture and saturate it 
with hydrogen sulphide. Then add tbe remaning two-flftbs of the diluted 
ammonia water and mis thorooghly. 



Fio. M. 

BKrlum chloride- — Dissolve one part of the crystals In ten parts of water. 

Barium nitrate. — Dissolve one part of the crystals in flfteen parts of water. 

Calcium Ohlorlde. — Dissolve one part of the fused chloride in ten parts 
of water, or one part of the crystals In five parts of water. 

Calcium hydrate. — Slake pure white lime and pour over It a large excess 
of water. Allow to settle and throw away the clear liquid. Ag^u add pure 
water, ehake thorouglily, allow to settle as before, and decant the clear liquid Into 
bottles for use, Tlieae bottles must be tightly stoppered. The portion rejected 
contains small amounts of impuritlea, possibly present in the lime. 



Cobalt nitrate.— One part of the salt In ten parts ot t 
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Ferrio chloride.— IM>bo1t« one port of the jtitkiw solid In tnt pacta of 
water. ' The BolnUon ahonld not gire a bine color with patMdnin. reiricTamide^ 



Tifinil BCetste. — One part of tbe pore cxyBtaie to ten parts of water. It m^ 
bt' neCeasaijr to add a few dropa of acetic acid to secure a clear aolntioo. 

Iiitmnfl pai>erB. — Red and blue, are beet porcbased from dealen. 

HagnesiK mixture. — DIhoIto 100 Gm. of magnedam Hnlphate and 100 
Qm. of ammoniiun chloride in 800 Cc. of water, and add 100 C.c. of strong 
ammonia water. Allow the mixture to stand twen^-four honrs, and filter. 

Heronrio chloride.— One part □( the pnrecryBtala to twen^ parts of water. 

"'*'ftt*"""' ohloride.^Oiie part of the solid to twenQr parte of water. 

Potufllum bichromate. —DlMoIve one partof the pure cijstals in ten parts 
ot water. The di; powdered crfstalfl are also used. 

Potaflsiiuii chromate.^DlaBolve one part of the crystals, free from clUo- 
rine, In ten parts of water. 



PotaMiam ferrloyanide.— DiaeolTe one part of the ciTStali in twenty 
parts of water. 

Fotaaeium ftrrooyanlde.— Dissolve one part of the ciyBtals Id twen^ 
parts of water. 

Fotaasium bydrate.—t^everal solutions are employed in analytical chem- 
istry. For moat purposes one containing ten per cent, of the " atick " hydrate is 
sufflclent. 

Potassium Iodide and starch i>aperfl.— Hake a paste by dlssoMug oim 
part of pure potassium iodide in 300 parts of water. Add ten parts of starch and 
■tlr until it forms an even cream. Then boil to make a smooth paste, and spread 
this on good unsized book-paper with a flue brush. Dry this paper, cut It In 
strips, and bottle for use. 

Potassium nitrate. — Keep the pure salt in flne powder. 

Potaaaium nitrite. — The salt can be obtained pure, from dealers. Keep 
it dry, and dissolve when needed. 

Potassium sulphate-— Dissolve one part of the pure salt In 200 parts of 
water. This solution Is used in the separation of calcium and etiontiuMi. 

Potassium sulphooyanate.— Dissolve one part In twenty parts of wnter. 
Ammonium sulphocyanate is frequently used instead of this as an iron teat. 

Bilver nitrate.^Dissolve one part iu twen^ parts of water. 

Sodium biborate.—Keep the dry salt in powder. It Is chiefly used -.is. >t 
flux in making beads for the cobalt, nickel and other teats. 

Bodium carbonate. —Keep the pure drg salt in powder. 

Make a solution of the pure cryitaU by dissolvfoK one part in ten partsof 
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Bodlmn hydrsta.— DIasoWe one put of the bast <■ stick " hydnto in tea 
puin of water, iHom lo settle, and decant the dear solation. 

This solution acts on glass bottles, and soon deports a sediment. Hence, a 
great deal of It should not be made at one time. The glsss stoppers of bottles 
coDtfdnlng sodium hydrate, and many other substances, should be cohered -with 
a thin Uyer of parafflae, which prevents their sticking fast. 

Sodium hypooblorite.— The " chlorinated soda " of the U. S. P. U to be 
used here. 

Sodium phosphate.— DlsaolTe one part of the hydrogen-sodium phosphate 
in ten parta of water. 



fl ohloride. — Dissolve one part of the erf stais in about twelve parts 
of water, adding a few drops of hydrochloric acid. Poor the clear solution in a 
bottle, add several small pieces of metallic tin, sod close tightly. If it was neces- 
sary to add much acid to make a clear solution, the bottle must not be closed until 
the excess has ceased to evolve hydrogen with the tin. 



OUTFIT OF AFFABATTTB 

Hnfflcient to prepare small amounts of most of the preparatlona for which 
orklng formulce are ^ven In Part II : 

1 wedgewood mortar and pestle. No. 4. 

2 half I iter evaporating basins, of porcelain. 

1 boiling flask, Bat bottom, about 400 C.c. capacity. 

S glass fnnneis, 60 degrees angle, and about 400 C.c. capacity. 

3 packages of white filter paper, coarse, No. S5. 

1 half-gaUon wide month bottle. 

2 quart bottlea, wide moudi. ' 

1 four-Inch horn spatula. 

2 glass Bdrrera, about 20 cenUmeters. 
1 sheet of red litmus paper. 

1 sheet of blue litmus paper. 

1 copper water-bath, 15 centimeters' diameter, without rings. 

1 Rusria-lron sand-luth dish, liJi centimeters' diameter. 

1 lamp stand (iron "retort-stand") with two rings, each ring of 10 centi- 
meters' diameter. 

1 ordinary Bunsen burner, single tube with adjustable valve (or a spirit 
lamp of 200 Cc capadty if gas is not avaiiable). 



DKTBBMINATION OF THE SPECIFIC GBAVITT OF 

UQTJIDS. 

In chemical and pharmaceutical work It is frequently necessary to find 
•peclBc gTavit; of a liquid. 

This Is moat accurately accomplished by means of the pycnoinet«r, two foi 
of which are shown at I and J, Fig 20. 

I consists of a small narrow-necked flask, with a mark on the neck. 1 
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flask 1b weighed when empt^ and diy, and then when filled to the mark, with 
pnre, freshly dUtilled water, at a deflolte temperature. It Is then emptied, dried^ 
filled with the liquid under ezamlnstiou, at the same temperature, and weighed 
again. 

We thus compare the weights of the two liquids taken nnder the same con- 
ditions of volume and temperature. 

The weight of the liquid, divided bj the weight of the water, gives the 
specific gravity of the liquid. 

At J another form b f^veu. It consists of a little flask closed ivith a ground 
stopper, through which passes a capillar]' opening. When the flask is fllled with 
water and closed with the stopper in such s manner tluit at a definite temperature 
the flnsk and c^illaiy tube are both full, the weight of the water should be 
exactly BO Gm. 

The flask Is filled at the definite temperature with the liquid under examlna- 
tJoi-, and weighed. The weight of the llqnid, divided by SO, gives the specific 
gravity. 

O, Fig. 29, shows an ordinary areometm; graduated for liquids lighter than 
water. When Immersed in paie water at a temperature of 16° C, it ^ks to the 
point marked 1.000 on the Mem. The specific gravity of lighter liquids, at the 
same temperature, is gjven by the figures (fractions) opposite the mark to which 
it sinlis. 

This instrument is very convenient, and, variously modiaed,is generaUy used. 
Sometimes the graduaUons do not Indicate specific gravity, but per cent of alco- 
hol, sugar, soda, etc., In solutions for which they are specially constrncted. The 
Beaum6 scoies are divided into.equai divisions, called degrees, and are used for 
strong acids, alkali and other solutions. 

At H, Fig. 25, is shown a urlDometer, the nee of which has been expired 
under the subject, Analysis of Urine. In construction it resembles the preceding. 

A very convenient and accurate apparatus for determination of specific gravity 
is the Mohr-Westphol balance, sliown at F, Fig. 2S. From the outer end of the 
beam is suspended a small weight (usually in the form of a thermometer), which 
counterpoiseB the beam exactly In the air. When the weight and fine wire hold- 
ing It are immersed in pure water (at Iti" C.) to a definite depth, the beam is 
brought into equilibrium by suspending the rider A, with the weight, from the end, 
as shown in the figure. This Indicates the specific gravity 1,000, from which it is 
plain that the rider la, by trial, made of the proper weight to counterbalance the 
upward pressure of the water. 

In the figure are shown other riders, B, C, D, and E. B has the same weight 
as A,C-T",A,D=AC,«ndE=AD. When the sink Is Immersed In various 
liquids their specific gravities are found by keeping the rider A at the end of the 
b^un and the other riders at different positions on the beam. 

8p. gr. 1.8456 would be indicated by A at the end of the beam, B on the 
division 8, C on the division 4, D on the division 6, and E on the division 6. Aa 
a rule, however, the Instrument la seldom used beyond the third decimal place, 
but is very accurate to that limit. Where two or more of the decimal figures are 
the same, the lighter riders can be hung on the hooked ends of the heavier. 8p. 
gr. 1.444 would be represented by A on the end of the beam, B on division 4, C 
on a hook of B, and D on a hook of C or on the other hook of B. 

The use of the balance will doubtless be understood without further 
explanation. 
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THEBMOHXTSBS. 

For measnriiig temperatures ia ordioaiy chemical and phannacentical 
operations mercmy thermometers are commonlj employed. In thle country and 
in EnglBDil two diSerent scales are as«d, the Centigrade and the Fahrenheit, 

The melting point of fresh clean snow ia taken as the zero point on the Centi- 
grade scale, while on the Fahrenheit this point Is marked 32°. On the Centigrade 
scale the boiling point of water, Under abarometric pressure of 760Hm^ is taken 
as the second fixed temperature, and ie marked 100°. 

The same polntontheFabrenheit scale is marked 212°. Between the melting 
point of snow (or freezing point of pure waterX and the boiling point of water, 
there are, therefore, one hundred Centigrade degrees, or one hundred and eighty 
Fahrenheit degrees. We have then a rule for converting the readings on one scale 
Into equivalents of the other. 

Ijet C represent an; number of Centigrade degrees, and F any number of 
Pabienhelt degrees, then : 

F={ C+82 

C=S(F-33) 

A good thermometer should satisfy these conditions; When the bulb la 
immersed in clean fresh snow which has been kept for some time in a room hav- 
ing a temperature slightly atxive that of freezing, and allowed to remain iialf an 
hour, it should register 0° Centigrade, or 82° Fahrenheit In cheap thermometers 
a variation of one or two degrees is frequently found. 

When a thermometer is suspended In the vapor ofwater(to which some pieces 
of platinum or copper have been added) boiling in a long-iiecked flask In such a 
manner that tlie bulb hangs about half an loch atiove the water, and the. whola 
of the thread is surrounded by the steam, itshouldregister, after remaining In tha 
steam some time, 100° Centigrade or 313° Fahrenheit, provided the barometer ia 
at the normal height of 760 Mm. For a decrease of SO Hm, in the barometric 
height the boillug point of water is lowered l°.l Centigrade. 

Variations of several degrees are frequentiy found at the boiling temperature. 
Supposing the instrument correct at the two flied points, it does not follow tluM 
it is correct at Intermediate points. 

The graduatian la made by determining the flxed points by the method 
indicated, and dividing the distance betneeu them into one hundred or on« 
hundred and eighty equal intervals. The divisions below freezing and above Ui« 
boiling point are continued of the same length. If the bore of the capUlaiy tutte 
is perfectiy uniform, these divisions or degrees must have the same value through- 
out. But this is never absolutely the case, and consequentiy there are more at 
less important errors in all direct thermometric readings. 

It not infrequentiy happens in common thermometers that the errors in the 
neighborhood of 150" C, may amount to 10°. 

The methods of determining the errors In a thermometer, after the flxod 
points have been correctiy found, are simple enough ; but their description belcH)^ 
rather to a treatise on practical physics than here. 
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Tliermometrio EqniTalents. 

Centtcrado daKnea. rftbranheit Angntm. 

260° 500" 

200" __ 892= 

160° 820° 

150° 803° 

140° _ 384° 

130° _ 286° 

120° ., 248° 

110° 330° 

105° 331° 

■lOCP - 312° 

95° 203° 

90° . 194° 

85° 185° 

80° _ 176° 

15° :. lei" 

70° ___ 158° 

65° ^ 149° 

60= 140° 

65° __ 181° 

60" _ 132° 

46° 113° 

40° _ 104° 



32° 710.6 

30° ___ 68° 

ie°.66 62° 

15°.55 60" 

16° 58° 

14° _ _ 5T°.3 

- 10° 50° 

6° _ , 41° 

4° 39°J 

0° ^ 82° 

— 6o 28° 

—10° „_ 14° 

—16° _ 5° 

— 17°.78 0° 
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Common Temperatures. 



Freezing point of water 

HAximuin densltjr of water 

Standard temperature for sp. gr 

Ordinairroom temptTBture, ^K>ut 

Alcoholic fermentation active at about... 

"Gentle heat," U. 8. P 

Boiling point of stronger ether 

Starch forms a paste with water at about. 

Albamen coagnlateB at about 

Boiling point of alcohol . 

Wat«r-bath heat, about 

Boiling point of water 

Oil-bath heat 

Glycerin-bath heat 



c. 




F. 


OP 




+82° 


+V 






IS" 






2(yto3r 


flW 


o Tr-e 


86° 




77° 


S2°toSS° 


WP 




37° 




98''.6 



140= 
140" 
1720.4 



WEIOHTB AND MEA8TIBBB. 

The Metric System. 
--■ lOD Centimeters (Cm.) = 1,000 HUlimeters (Hm.> 
1 Liter = 1,000 CuMc-cebtlinetera (C.c). 

1 Kilogram = 1,000 Qranw (Om.). 
IGram = 1,000 Milligrams (Mgm.). 



American Weights and Meomres. 



1 Gallon 

IPiDt 

1 Fluidounce 

1 Fluidrachm 



8 Pints. 
IS Fluidonncer 

8 Fluldiachma. 
60 Minims. 



1 Avoirdupoia pound = '16 AToirdnpnle otu 

1 Avoiidnpots ounce = 487J^ G^t^nB. 

1 Apothecaries' ounce = 8 Drachma. 
1 Apothecariea' drachm = 60 Gralna. 

British Imperial Ueasures. 

1 Imperial GaUon = 8 Pints. 

1 Imperial Pint = 20 Fluidonncea. 

1 1mperial Fluidounce = 8 Fluldraohma. 

1 Imperial Fluidrachm = 60 Minima. 
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APPENDIX. 










IHMer 


- 


89.870iS3 


Inches. 


ILHar 


~ 


sasio 




1 Liter 


= 


88.819 




1 Cnbic-cendmeter 


= 


16.981 


D. 8. MinlmB. 


IKQogrwn 


= 


83.1S1 


C. 8. Apoth. onnc«a 


lEUognm 


= 


86574 


Ayolrd. onnow. 


IGram 




1S.4S2M874 Grains. 


1 U. 8. fluldoimce 


= 


20.67 


C.C 


1 Imperial floldoniiw 


= 


28.39 


Co. 


1 U. 8. Apoth. ounce 


= 


81.1036 


Om. 


lAvoirf. trance 


— 


28.8496 


Gm. 


lOr^n 


= 


S4.79896 





1 U. S. Flaldounc« of 
96 U. 8. Fliddounces of 
1 Lnperift] Flnldonnce 



Water weighs 0,96 U. S. Apoth. oudm. 
Water weigh 100 Avoirdupois ounces, 
of Water wdghs 1 Avolrd. ounce. 



Weight of aiven VolniOM of Aloohol at 23° O. (71°.a W.\ 

1,000 C.C welgfaa 811 Om. 
1,000 C.C vdghs 12,608 Grains. 
1,000 Oc weighs 80.267 Troy ounces. 
1,000 Cx welgha 2a819 Avolrdnpola ounces. 



Tolume of GiTen Weights of Aloohol at as° C. (71°.e T.}. 

6 Om. measures 6.13 Cc 

6 Qm. " 7.84 Cx. 

. 7 Gm. " — 8.68 C.a 

8 Om. " 8.79 Cx, 

9 Gm. " 11.01 Cx. 

10 Gm. " 12.24 C.C 

12 Gm. " 14.68 0.0. 

15 Gm. ■• 1188 Ox. 

80 Gm. " 84.48 Cc 

95 Gm. " saeo Cc 

80 Gm. " 86.73 0.0. 

86 Gm. ■ " 49.84 0.0. 

40 Gm. " 48.98 Cx. 

46 Om. " 66.08 Cc 

60 Gm. " 61.20 Cc 

66 Gm. " 87.83 Cc 

80 Gm. " 78.44 Cx. 

70 Gm. " 85.68 Ox. 

80 Gm. " 97.82 Cc 

90 Gm. ' -— 110.18 Cc 

100 Gm. " 129.40 Ox. 



'W«lght of Giren VolnmM of Dilated Aloohol at aa° a (7l°.e F.). 
(O. B., 4BJI par oant., br waliftt.) 
1,000 Cx. weighs 926 Gm. 
1,000 Cx. weighs 14,274 Grains. 
1,000 Cc weighs 29.788 Troy ounces. 
1,000 Cx. welfjliB 82.626 Avoirdupois ounces. 
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Volume of Oiven Weights of Diluted Aloohol at 32° C (71°.A F.> 

5 Om. mewuieB ._._ 6.41 Cjv 

8 Gm. " 8.49 ac. 

7 Om. " -.. 7.57 C.c, 

8 Gm. " 8.66 C.c. 

9 Gm. " fl.73 C,c. 

10 Gm. » 10.81 C.C 

13 Gm. " 18.98 C.c. 

15 Gm. " 16.22 C.C. 

20 Gm. " 31.63 C.c. 

25 am. " 27.02 C.C 

30 Gm. " 83.43 C.C. 

86 Gm. " 87.84 Cx. 

40 Om, " 48.34 C.c 

45 Gm. " 1 48.84 Cx. 

80 Gm. « 54.06 Cx. 

65 Gm. " 59.46 C.c 

80 Gm. " - 84.86 Cc 

70 Gm. " - 76.88 Oc. 

80 Gm. " 86.48 CA 

90 Gm. " 97.28 Cc 

100 Gm. " 108.10 Cx. 

Volume of Oiveo Welgbta of Olyoerln. Bp. Qi. L.150. 

1 Gm. measurea OJO C.c. 

2 Gm. " 1.60 Cx. 

8 Gm. " 3.40 C.c 

4 Gm. » 130 Cc. 

6 Gm " 400 Cc 

6 Gm. " 4.80 C.c 

7 Gm. " 5.60 Cc 

8 Gm. " 6.40 C.c 

» Om, " 7.30 Cc 

10 Gm. " 8.00 Cx. 

18 Gm. " - 9.60 Cx. 

IB Gm. " 13 Cx. 

20 Gm. " 16 Cx. 

35 Gm. " 80 C.c 

80 Gm. " 24 C.c 

86 Gm. " 28 C.c 

40 Gm. " ■ 88 Cc 

45 Gm. " 36 Cx. 

60 Gm. " *0 Cc 

80 Gm. " 48 Cc 

70 Gm, " 68 Cx, 

80 Gm. " 64' Cc 

90 Gm. " 78 Cc 

100 Gm. " SO Cx. 
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Table of Approxmiate SolabilitieB. 



SDBSTAMOBS. 



Acidum . 

Addnm boricum 

Acidum cltrlcum 

Acidum BaUcvUcmn 

Acidum tNuilctim ... 

Addum tertartcnm 

Alnm«D 

AmmimU bromidum 

Ammonil carboou 

Ammoui) chloridum 

Anllmonit et potaaaU tartru 

Argeuanitras 

Csfcil chloridnm 

Calcll hjpophMphlB ., 

Clnchoaidliue BiupiiM 

(^ochonliiS flttlplua.. 

Capri acetas 

Cupri fulphoa 

Perrl et ammoiiU snlphas 

Ferri lacUs 

Ferri sulphas 

' Hydrarg^ clilorldnmcorHMiTnm. 

Hydrarnri c]^nidum 

Magnet sulphas.... 

Hagne^ Bulphli 

Haaganl sulphas 

UorpMutt acetaa 

HorpbliiK hjrdiochloTu. 

Morphlnn solphM 

Plnmbi acetaa .,., 

Plumbl iodidnm 

Plumblnltns 

Potassa 

PotawU acetas 

Potasall btcarbonas 

Potasalibiduomas 

PotsMli bitartiBS 

Potasall bromidum 

Potassit carbonas 

Potasall chloraa 

FotaasUcltras...' 

Potaaail cyanldnm 

Potasdl et BodU taitns 

PotasflU feirocyanldnm 

PotassU lodldum 

Potaasli nitras 

Potassit peniuuigauas 

Potaacli sulphas 

Potasdi BulpUs 

PotassU tartns 

QuinldljuB sulphas ,._.._._. 



Nunjb«t ol Cc ot •olvBnt requlrod to 
2in. ot thfl anbfttuicfl. 



bolHne. 



TeiysoL 
decom. 



sLsol. 
b1.so1. 
bLboL 



si. sol. 
si. sol. 

S].K>I. 



very boI, 
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Table of Approximate SolnlrilitieB. 

COHTITirED. 





o.'S'SS£i2.-"~-'*- 


tl>lliMl««» 




WATKa 


ALCOBOL. 




'•i^i 


HS' 


IS?;? 


AITWC, 




100 

lao 

340 
7400 
1000 
5 
70 
380 

80 
40 

120 
40 

160 

la 

16 

11 

10 

IS 
6 

13 

60 
130 

IB 

30 

38 

40 

50 
100 

80 

verysol. 
very Ml. 

20 
1000 


TMTtoL 

10 
10 

800 

400 
S 
10 

2S00 
8 
10 
TeryaoL 
deoom. 
30 
.5 

L 

6 
39 

15 

S 

8 

6 

30 

11 

Toryeol. 

4 

e 

7 

30 

16 
veiTBol. 
T«i7 sol. 
very sol. 

decom. 


820 
80 
SO 

660 
60 

■1.801. 

ins. 
300 
400 

sLboI. 
InB. 
7M 
Ins. 
180 
Ins. 
400 

800 

iDB. 

18 
ins. 
ins. 

iTU. 

00 

lao 

ItlB. 
8l.»0l. 

1800 

600 

800 

solnble 

soluble 

Mlnble 

Ids. 

80 


veryaoL 






'"^r 






10 












i» 








rywL 








600 


Sodll WcftrbonM 


ins. 


SodlibOTM 


Ids. 








430 




nwirlw. 


8odlibypophoephls..„ 

SodUhTposulphlB 


10 
ini 




U 






BodU pboBphw 


ins. 
ins. 












Ins. 












ao 












BOlDble 










Zlnd eulphocftrbolsB 









db.GoogIc 



INDEX. 



A CEl 



Acetate, ammonlnm, boIq^od, 258 
copper, 2B4, 2A0 

iron andammoniuin, mixture, 263 
lead, 263, 264 
ba^c,2M 
magDeaiuiD, 90, SS8 
potAMlum, 07, 254. 25a, 258 
Bodlnm, 101,254, 2SS, 256, 257 
zinc, S€& 
AceUtee, 2S2 

detectioD of, 848 
Acetic acid, 42, 262 

commercU], 256 
dUuted, 265 
g)Bcli>),2S5 

Tolnmetric eatimstloD, 268, 
254 
Acedc Bclds of the pbanuacopfFlaa, 264 
Acetous fermeDtatioD, 42 
Acid, acetic, 252 

commercial, 266 

diluted, 255 

diluted, satarBtiagpower,266 

glacial, 255 

glacial, saturating power, 206 

glacial, comn ^ ' — 

■■ Na 8," 256 



254 
,87 

aoladOD, 249 
benzoic, 314 

saturating power, 815 
boric, 244 
carbolic, 305 

camphnrated, 807 

crude. 808 
Acid, carbolic, glycerite, 807 

Impure, 808 

iodized, 307 

liquid, 806, 807, 306 

BolntioDf, 306, 307, 806 

water, 807 
carbonic, 228 
chromic, 87 



), citric, 290 

saturating power, 293 
drops, Haller\ 190 
ethyl-anlpharic, 189, 190 
bydriodic, 141 

syrup, 142 
hydiobromic, 1 84 

saturating power, 18S 

table, 186, 186 
hydrochloric, 18, 14, 112 

action on metals, 113 

B. P., U3 

diluted, 114 

Preneb Codex, 113 

G. P.. 118 

aaturatlug power. 118 

specific gravities, table, 114 
hydrocyanic, 157 

adjustment of strength, 168 

preservation, 1S9 
hydrosulphurlc, 162 
faypophosphorouB, 225 
lacUc, 268 

saturating power, 269 
malic, 804 

meCaphoaphoric, 211, 214 
muriatic, 112 
nitric, 169 

action on metala, ITl 

Austrian P., 173 

B. P.. 172 

diluted, 173 

saturating power, 173 

French Codex. 173 

Q. P., 172 

Netherlands, 173 

Rusdan P., 172 

saturating power, 171 

Spanish P., 172 

Swedish P., 172 

Swiss P., 173 

specific gravities, table, ITS 
nltfohydrochlorlc, 110 

diluted, 115 
nitromurlatic, 115 
olelo, 271 

orthophenyl sulphuric, 309 
orthophosphoric, 211 
oxalic, 379 
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Add, paraoiybpDzolc, 311 
pbenic, 806 
pheoyllc, 305 
phosphoTiR, 200 
phosphoric, B. P.. 212 
phosphoric, dilated, 213 

SAiiiratinK [tower, 213 
French Codex, 212 
G. P., 213 
glflcial, 2U 
official, 212 

preparittioD, 209, 210, 211 
satoratinft power, 212 
Bpeclflc fCDivUies, tuble, 2J2 
Bvrupy, 213 
picric, 810 
pruMic, 157 
pyropbopphorlc, 2H 
salicylic, 311 
SQiphocarbolic, 809 
sulphuric. 187 

action nnmetab, 1:48 
aromiUic, 189 
diluted, laS 
purification, 187 
suturatiDg power, IBB 
Bpeciflc KtaTitles, table, 188 
sulphurous, 206 

saturating power, 207 
tannic. 318 

glycerite, 318 
tartaric, 282 

saturating power, 283 
valeric, 268 
Acids, 85 

fatty, 271, 272 
Albumen in urine, 889, 800 
Albuminated Bantoniaale of sodium, 321 
Alcohol, 40, 41 

absolute, 42 

expeTimenta, 40, 41, 42 

in liquids, determination of, 389, 

370 
volumeH of deflniie weights, 417 

418 
weiKhts of deflnite volumes, 417 
41S 
Alcoholic fermentation. 40, 41 
Algaroth's powder, 77, 138 
Alkalies, effect of, on organic matter, 

234 
Alkaloid reasents, 876, 377 
Alkaloids, 376 

tn cinchona bark, 881, 882 
AUanite, 281 
Alum, 61, 194 

ammonio-ferrlc, 201 
burnt, 1B5 
dried, 195 
glycerite, 194 
granulated, 194 
potBsra, 194 
shales, 00 
Aluminated copper sulphate, 304 



acetai«. 61 

solution, 260 
bronze, 61 
chloride, 61 

solution, 122 
compounds, 61 
hydrate, 61, 108 
nitrate, 61 

Bolutioo, 175 
I oleate, 274 

j potasfium sulphate, 194 

sulpbiite, 61, 193 
I Amalgams, 68 
Ammonia, 23, 24, 47, 103, lOS, 106 
alum, 61 
Apparatus, 24 
aromatic spirit of, 234 
experiments, 31 
liniment, 273 
muriate, 118 
satumtlng power, lOS 
solution. 1U8 

specific gravities, table. 106 
Ammonia soluUons, 47, 103, 104, 105. 
106 

spirit, 47, 106 

aromatic, 234 

water, 98, 102, 108, 105 

stronger, 104 

BpHcific volume, 105 
Ammonlacal copper sulphate, 35, 203 
Ammoniated copper, 203 

mercury, 181 
Ammonio-citrate, bismuth. 308 
Am monio- ferric alum, 50, 201 
AmmoniD-ferric chloride, 125 
citrate, 59, 29t} 
citro- phosphate, 221, 224 
Citro-pyropbosphate, 224 
sulphate, 59^ 201 
tartrate, 59 
Ammonio- ferrous sulphate, 59 
Ammoainm, 47 

acetate, 47, lOS, 254, 255, 256 

solution, 47, 258 
arsenite, 88, 105 
benzDste, 47, 105, 31S, 317 
Ammonium bichromate, G2 
bltartrate, 288 
bromldp, 47, 105,136,138 
carbamate, 234 

carbonate, 47, »8, 102, 106, 234 
Chloride, 47. 105, 114, US, 118 
pnrifled, 118 

apeclflc gravities of solutions, 
table, 119 
chromate, 62 
citrate, 47, 106. 292, 203 
compounds, 47 
copper sulphate, 204 
hydrate, 47, 108 
Iodide, 146 
lactate, 105, 269 
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nitrite, 21 
oleate, 373 
oxalate, 47, 260 

phosphste, 47, 105, 313, S13, 817 
phospho-moiybdiLl^, 80 
salicylate, 105 
sulphate, 47, 105, 189, 1«1 
Bulphvdr»t^, 1S4 
sulphide, 47, lU 
tartrate, 47, 105, 288 
Talerate, 47, 106, 267 
Analyses of metals and alloys, SOS, S5S 
AoatysU, general method of, S2C>, S26, 

827, 328, 339 
Analysis of Group I., 333 
n.,888 
III., S3S 
IV.. 337 

v., 



V'f ., 341 



VII., : 

Insoluble compounds, S50, 351 

of silicates, 351 

of nrine, 387 

qualitative, 325 

volumetric, 354 
Anhydride, areenous, 87 

chromic, 87 
Animal charxioal, 36 
Antidote for arsenic, 109, 111 
- Antimonates of potassium and sodium, 
43 
AnUmonetted hydro^D, 76 
Autimouic chloride, 77 

oxide, 26, 77 

sulphide. 77. 167 
Antimonous chloride, 77 
Antimony, 75 

chloride, 77 
solution, 133 
Antimony, combustion of, in chloclDe, II 

compounds, 77 

oxides, 20, 77, 90 

Oiychloride, 77, 138 

oxysulphide, 168 

potassium tartrate, 77, 288 

sulphide, 77, 166. 167 
purified, 166 

sulphurated, 166 
Apatite, 31 
Aqua, 88 

Aqua regla, 26, 55, 75, 77, 78, 7», 115 
Argois, 46, 384 

purified, 284 
-Aromatic spirit of ammonia, 284 

antphurlc acid, 189 
Arsenate, Iron, 348 

sodium, 247 
dried, 248 
solution, 348 
Arsenates, 347 
Anenetled hydrogen, 74 



Arsenic, 72 

antidote, 109, 111 

compounds, 75 

iodide, 155 
Arsenic, reduction, 72 
Arsenite, ammonium, 88, 105 

potassium, 88, 98 
solution, 350 

sodium, 88, 101 
Arseuites, 68. 349 
Arsenous acid, 87 

solution, 249 
Atomic weightt, table of, 407 



BARIUM, 49 
carbonate, 40, 335 

chloride, 49, 1111 

chromate, 49, 62 

compounds, 49 

dioxide, 9 

hydrate, 49, 107 

nitrate, 49, 174 

sulphocarbolate, 309, 310 
Beaume'a scale for acids, 66 
Benzoate, ammonium, 105, 315, 817 

iron, 817 

lithium, 818 

potassium, 98, 310 

sodium. 101, 310, 316 
Benzoates, 314 
Benzoic acid, 814, 315 
Bicarbonate, Iron, 339 

potassium, 98, 103, 100, 280 

sodium. 98, 102, 106, 233 
Biliary acids, 396 
Bismuth, 70 

ammonlo-citrste, 70, 308 

citrate, 70, 808 
soluble, 808 

compounds, 70 

iodide, 155 

nitrate, 70 

glycerlte. 183 
nDrmal, 163 

oleate, 278 

oxide, 96 

oiychlorlde, 70, 183 

oxy iodide, 150 

salicylate, 313 

subcarbonate, 70. 243 

subnitrste, 70, 181 

tannale. 3l9 
Bisulphide of carbon, 163 
Bttartrate, ammonium, 288 

potassium, 284 

sodium, 286 
BItartrates. 282 
Bittern, 286 
Black wash. 90 
Bleaching by bromine, 15 

chlonne, 11, 13, 18 

sulphurous oxide, 30 

powder, II, 12, 136 
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Bl«nde, S3 
Blue vitriol, 202 
Bone twh 81, 86, 218 
Boraclc acid, 34, 344 
Borate, glyceryl, 345 

Bodtum, 246 ' 
Borates, 244 

detection of, 347 
Bonx, 84, 245 

glycerite, 846 

Urtar,289 
Boric acid. 84, 244 
BcTocItrates, 804 
Borocitrate, potassium, 804 
Boroglyceride, 34S 
BoroD,S4 
Bototartrate, potassium, 269 

Dott>s«imn and Bodiuni, 38 
Bromide, ammonium, 105, 130. 1 

calcium. 18B 

hydrogen, 184 

iron, svrup of, 140 

lUblun, 138 

potassium, 98, 136 

sodium, 101, ISB, 137 

zinc, 140 
Bromides, 184 

detection of, 345, 346 
Bromine, 14, IB 

experiments, 15 

water, 15 
Broctne, tests tor, 385 
Butter of antimony, 7S 



CADMIUM, .71 
compounds, 71 
Calamine, 63 
Calcium, 48 

bromide, 48, 139 
carI)onat«, 38, 48, 286 
chloride, 46, 119 

solution, 130 
citrate, 291 
oom pounds, 48 
hydrate, 48, 107 

solution, 48, 107 
hypochlorite, II, 13, 48, 186 
hypophosphite, 48,236 
Iodide, 4S, 14T 
Isctophoapbste, syrup, 319 
oleate, 273 
oxide, 48, 88 
phosphate, 48, 218 
preparations, table, 46 
sulphate. 48, 101 

dried, ISI 
sulphide. 28, 48, 164, 166 

solution, 165 
sulphite, 48, 207, 208 
tartrate, 383, 284 
tbiosulphate, 38 
Calomel, 6B, 128, 129 
levigated, 120 



Calomel precipitated, 120 

sublimed, 138 
Carbamate, ammnoiura, 284 
Carbo-hydrates, 40 
Carbolated potassa, 805 

sods, SOS 
Carbolic acid, SOS 

camphor, 307 

crude, 806 

glycerite, 807 

Impure, 808 

Iodized, 307 

liquid, 306, 307, 306 

water, 307 

with iodine, 307 
Carbolized iodine solution, 16 
Carbon, 36 

and hydrogen. 89 
ozyjreo, 87, 38 

bisulphide, 168 

dioxide, 87, 38, 338 
experiments, 38 
preparation, 38 

HXpertments, 35, 36, 37, 38, I 
40,41,42 

monoxide, 37 

oiidea, 37, 88, 238 

oxygen and hydrojcen, 40 
Carbonate, ammonium, 98, 103, 105, 3 

barium, 236 

mass, 341 
aaccharated, 340 

lead, 342 

Uthium, 333 

ma^esinm, 386 

manga nous, 341 

potaaslnm, 98, 103, 105, 339 

sodium, S8, 102, 106, 231 
dried, 383 

zinc, 238 
Carbonates, 238 

detection of, 340 
Carbonic acid, 36, 228 

apparatus, 88 

from chalk, 328, 339 

sodium bicarbonate, 229 

weight and volume, 239 
Carlsbad salt, 190 
Camallite, 239 
Castile soap, 378 
Cerium, 63 

compounds, 63 

oxalate, 63, 381 
Cerite, 381 
Chalk, 48 

prepared, 336 
Charcoal. 36, 36, 87 

antmsl, 36, 37 

purified, 86, 87 

wood, 86 
Chlorate, potassium, 184 

sodium, 18S 
Chlorates, 184 
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Chlorates, detection of, 848 
Chloride, alumlDiam, solution, 132 
ammonium, 105, II4, 116, US 

purifled, 118 
antimon;, solution, 13S 
barium, 119 
calcium, 119 

Bolutlont, 120 
gold and sodium, 132 
Iron, green, 132 
red, fi9. 1S8 
solutions, 135, 126 
tinctures, 127, I28 
' lithium, 117 

mercuTOus, precipitated, 129 

sublimed, 128 
mercury, corrosive, 180 

mild, 128, 12B 
oflime, 18« 

potaseiuDi, 98, 118, 115, IIQ 
sodium, 118, 116, 117 
ziuc, 120 

solutions, 121 
Chlorides, 112 

detection of, 845, 846 
In urine, 402 
Chlorinated lime, 186 

soda, solution, 186 
Chlorine, 10 

scnou of, on metals, 11, 26 
and hydrogeu, 13, 14 
apparatus, 10, 12, 13 
available, 186 
' bleacblng properties, 11, 12, IS 
combustfon In, 11 
experiments, 11, 13 
fumigation, 12 
preparation, 10, 11, 12, 13 
water, 12. 13 
Cliromatea, 61, 62 

detection of, 348 
Chrome alum, 61, 62 
Chromic acid, 87 
Chromium, 61 

compounds, 62 
Cinchona alkaloids, differences, table, 

379 
Cinchona bark, assay method, 381, 382 
Cincbonldlne, teste for, 378 

sulphate, tests for, 381 
Clocbonlne, teats for, 378 

sulphate, tests for, 380, 381 
Cinnabar, 68 
Citrate, ammonlO'ferric. 298 

ammonlnm, 105, 292, 293 
bismuth, 802 

and ammonium, 308 
soluble, 808 
calcium, 291 
Citrate, lion, 297 

and ammoniom, 296 
quinine, B. P., 300 
0. P., 800 
solution, 801 



.,301 
U. S. P., 899 
BtrycJiDine, 302 
SOluUon, 297 
lithium. 293 
magnesium, 90, 294 

granulated, 295 
solution, 296 
varieties, 295 
potassium, 98. 392 
aodlnm, 101, 292, 293 
acid, 293 
Citrat«B, 290 

detection of, 849 
Citric acid, 290 
Clay, 35, 60 
Closed tube test, 380 
Coal, 35 

Coal tar creasote, 308 
Cobalt, 53 

compounds, 54 
Coke, 35, 36 

Coloring matters In urine, 394, 305 
Combustion In chlorint-, 11 

nitrogen dioxide, 22 
oxygen, 4, Q, 6 
Copper, 68 

acetate, 69, 264, 265 
ammoniated, 203 
ammonium sulphate, 65 
compounds, 65 
f errocyanlde, 64 
nitrate, 65, 177 
oleale, 376 
oxide, 93 
reduction, 64 
suboxide, 73 
sulphate, 6S, 202 
aluminated, 304 
ammoniac^, 66, 303 
granulated, 308 
precipitated, 208 
Copperas, 196, 196 
Corrosive sublimate, 69, 130 
Cream of tartar, 46, 284 
analyds, 369 
Cryolite, 281 
Cyanide, mercury, 161 
potasslnm, 98, 159 
silver, 162 
sodium, 101 
zinc, 160 
Cyanides, 197 

detection of, 34T 



J_/ecolorization by animal charcoal, 

8« 
Destructive distillation of wood, 85, 42, 
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Detection of bromidpEi, 345, 346 

carbonates, S4S 

chlorates, S4S 

chlorides, 346, 346 

cbromates, 348 

citrates, 349 

cyMiidea, 347 

fluorides, 348 

lodidea, 345, 346 

Dltratea, 345 

oxalates, 348, 349 

phosphates, 347 

Bulphates, 345 

sulphides, 846 

sulphites, 346 

tartratea, S48, 340 

thioaulphateB, 847 
DeterminAtton of phosphates, 366, S67, 

403 
• specific gravity. 411, 412, 413. 

DUKTam of f^oups, 328 
Dluyaediron, 111 
Diamond, 85 

Diastatic power ot mait extract, 371 
Dolomite, 236 



BAU de Javelle, 185 
Labarraque, 186 
Elements, metallic, 43 
nou-metallic, 3 
ElatriatloD, 336 
Epsom salt, 192 

dried, 103 
Estimation of resin iu jalap, 373 
alcohol in liqnlds, 369 
aJkaloids Id cinchona, i 



morphine In opium. 884 
tannin in extracts, 371, 873 

Etching glass, 19 

Ethylene, 39 

Ethyl-sulphuric acid, 189,.190 

Eztractum ferri pomatum, 804 

FATTY acids, 271, 373 
ehling's sotuUon, 40. 3«8 
preparation, 368 
Felspar, 35 

Fermentation of sugar, 40, 41 
Ferrocyanide iron, 160 
Ferrum oxy datum sacchantum solublle 

820 
Flores martis, 135 
Flowers of zinc, 00 
Fluorides, detection of, 348 
Fluorine, 19, 30 
Fowler's eolation, 250 



Oas,36, 39 
Glaso, 346, 347 

etching, 19 

Tarleties, composition of, 346, 247 
Glucose, 40 

Glycerides of fatty acids, 371 
GlTcerio, weights of different volumps, 

418 
Glycerin and Iodine, 19 
Olycerite, alum, 194 

bismuth nitrate. 183 

borax, 346 

carbolic acid. 307 

ferrous chloride, 132 
Iodide, 151 

iodine, 10 

lead quercitannste, 810 
subacetate, 364 

nitrate of bismuth, 188 

subacetate of lead, 264 

tannate of lead, 319 

tannin, 318 
Glyceryl borate, 245 
Gold, 78 

chloride, 78, 133 

compounds, 78 
Grape sugar, 40 
Graphite, 85 
Green vitriol, 105, 196 
Oypsum, 48 



HALLER'S acid drops, 100 
artshom salt, 384 
Heavy spar, 235 
Humus, 334 
Hydracids, 85 
Hydrate, aiuminiuin, 108 
ammonium, 108 
barinm, 107 
calcium, 107 
ferroso ferric, 280 
Iron, 100, 136 
potassium, 97 
Hydrated oxide of iron, 100, 136 
Hydrates, 86, 97 

of iron, 109.110,126 
Hydriodic acid, 141 

Bj'rup, 143 
Hydrobromic acid, 184 
Hydrocarbons, 39 
Hydrochloric acid, 13, 14, 113 
apparatus, 13, 14 
dUuIed, 114 

saturating power, 115 
experiments, 14 
preparation, 18, 14 
saturating power, 118 
specific gravities, table, 114 
acids of the pharmacopeias. 113, 
114 
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Hydrogen, 6 

and ftir, 7, 8 

CHTbOD, 30 

cbloTiDe, 18, 14 
□itrogeD, 23, 24 
oxygen, 7, 8 
phosphorus, 38, U 
auiphnr, 30 

apporatuii. 7 

arsenide, 74 

combustion, 7, 8 

dioside, 

diBulphide, 83 

experiments, 7, 6, 9 

from Bteain, 9 
Hydrogen, phosphide. 83, 34 

preparation. 7, 9 

sulphide, 30, 103 
Hydrosiilphurlc acid, 192 
Hypochlorite, calcium, 11, 12, 186 

potAsglum, les 

sodium, 18fl 
Hypochlorites, 185 
Hypophoephite. calcium, 326 

ferric, 227 

iron, 227 

potBBBium, 325 

sodium, 226 
Ilypophospliltes, 225 

explosive properties, 237 

preparation, 225 
Hypophosphorous acid, 225 
Hyposulphite, sodium, 20!) 

INCEUaTATIONS, 364 
nsoluble compounda, analy^ of, i 
Iodide, ammonium, 14S 
arsenic, IS.*) 
bismuth, 15G 
calcium, 147 
hydrogen, 141 
iron, 148 

glycerite, 151 

saccharated, 14B 

syrup, 140 
lead, 151 
lithium, 14$ 
mercuric, 164 
mercurous, 163 
mercury, ereen, 163 

red, 154 
nitrogen, 2tl 
potassium, 148 

solutions, 145 
plumbic, IGl 
diver, 156 
sodium, 146 
sulphur, 143 
zinc, 147 
Iodides. 141 

detection of, 846, 340 
mercury, lU 
Iodine, 16, 11 



ine, action oF, on starch, 11, 16 
and glycerine, 10 
and nitrogen. 26 
and phenol, 19 
compound solution, 17 
decolorized tincture, 18 
experiments, 16 

flycerlte, 19 
inimenl, 17 
solution, carbollzed, 19 
solution, use of, in analyses, 86S, 

306 
standard solution, 864, 865 
tincture, 17 

decolorized, 18 
with starch, 18 
Iodized oil, 19 

phenol, 807 
starch, 18 
Htaich paste, 16 
Iron, 67 
Iron acetate, 69 

solution, 260 

tincture, 261 
alum, 69 
ammonium citrate, SB, 298 

sulphate, 201 

tartrate, 69, 287 
and ammonium chlorides, 12!S 
arsenate, 59, 248 
benzoate, 317 
bicarbonate, 338 
bromide, syrup, 140 
bromides, 69 
carbonate, 69. 289 

mass, 241 

saccharated, 340 
chloride. 133, 133 

glycerite, 123 

green, 59, 122 

solutions. 125, 126 
citrate, 69, 297 

folution, 297 

with quinine, 299. 800, 801 
strychnine, 802 
compounds, 69 
dialysed, 111 
femcyanide, 69 
ferrocyanide, 6B, 160 
galvanized, 63 
hydrate, 69, 109, 126 
hypophoaplilte, 69, 837 
iodide, 59, 148 

glycerite, IBl 

syrup, 149 
lactate, 59, 370 
magnetic oxide, 69, 91 
mBTale, 804 
nitrate, 59, 176 

solution, 176 
oleate, 275 
oxalate, 59, 281 
oxide, magnetic, 59, 91 

saccharated, 820 
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Iron oxiaes, 59, 91 

oKjchlorlde, 111 
perobloride, 123 
pernitrate, solution, 175 

phosphate, blue, 319 
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., 1870, 2IS 

TJ.S.P., 1880, 333 

white, 331 
potassium tartrate, 59, 286 
preparations, table, 69 
pyrites, SB 
pyrophosphate, 69 

precipitated, 59, 338 

soluble, 334 
quinine citrates. 59. 299, 800, SOI 
qulDine citrate, B.P., 300 

G.P., 300 

solution, SOI 

Sw.P., 301 

U.8.P., 3)19 
reduction, 67 
aaccharated oslde, 830 
sesqulcblorlde, ISu 
strychnine citrate, 59, 802 
subcerboaate, 91, 339 
subauiphnte, 300 

solution, 199 
sulphate, 19C 

dried, 197 

granulated, 197 

precipitated, 197 
sulphates, 69, 198 
sulphide, 59, 166 
teranlpbatp, solntion, 198 
valerate, 69, 268 



KALIUM. 44 
ermes mineral, 11 
Kieserlte, 330 



LABARRAQUE'S solution, 186 
ac ferri, 221 

sulphuris,29 
Lactate, ammonium, 105, 369 

iron, 270 

potassium, 98, 369 

sodium, 101, 269 

zinc, 269 
Lactates, 268 
Lactic acid, 388 

fermentation, 268 
Lactophnephate, calcium, syrup, 219 
Laevutose, 40 
Lamp block, S5 
Lapis divinus, 304 
Lausblng gas, 31 
Lead, 66 



Lead, acetate, S6, 362, 264 
bade, 264 

carbonAte, 66, 243 

chromate,61, 63, 66 

compounds, 66 

iodide, 66, 151 

nitrate, 66, 176 

oleate, 376 

plaster, 276 

preparations, table, 06 

quercitannate, SIO 

taanate, 819 

Buliacetate, glycerite, 264 
solution, 264 

subacetates, 364 

tree, 65 

white, S42 
Leblanc's process, 331 
Leptdolite, 223 
Levlgation, 286 
Lime, 68 

liniment, 273 

slaked, lOT 

solution, 107 

sulphurated, 164 

syrups, 319 
Limestone, 48 
Liniment, ammonia, 273 

iodine, 17 

lime, 273 
Liquid carbolic acid, 807 
List of apparatus, 411 

reagents, 407. 408, 400, 410. 411 
Lithium, i6 

benzoate, 46, 816 

bromide, 40, 138 

carbonate, 46, 283 

chloHde, 46, 117 

citrate, 46, 393 

compounds, 46 

iodide, 45, 146 

salicylate, 46, 313 
Litmus as an indicator, 369 
Liver of sulphur, 163 
Lotio flava, 94 

nigr^ 05 
Lugol's solution, 17 



MAQNESIA. 80. 90 
calcined, 89, 90 
heavy, 00 
light, 80 
Magnesia, saturating power, 90 
Magneslan Ilmestoue, 40, 236 
Hagnesium, 60 

acetate, 61, 90, 258 
carbonate, 51, 286, 238 
composition, 338 
heavy, 236. 337 
light, 386, 287 
citrate, 61, 90,294.205 
amorphous, 246 
crystalline, 296 
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Magnesium, citrate, erannlated, 2BS 
metamorpnous, ESS 
BolutioD, 396 

com pounds, 51 

oxide, 51, 89, 90 
heaTy, 90 
light, 89 

sulphate, 51, 90, 192 
dried, 192 

SDlphite, 61, 207, a08 

tartrate, 90, 288 
HaKnedc oxide of Iron, 91 
lAa^te, iron. 804 

potassium, 304 
Malic acSd. 304 

Malt extract, diaatatlc power, 371 
Maltose, 40 
Mnnganates, S6 
Manganese, 55 

cubonste, 56, 241 

compound*. 58 

dioxide, 4, 10, 11, ns 

iodide, ijTup, 151 

nitTHte, 56 « 

oside, 5tt 

phosphate, 56. 222 

sulphate, 56, 201 
Marble, 48 
Marsh gas, 80 
Maish's test, 74, 75 
31ass of carbonHte of iron, 241 

Vallet'B, 241 
Mercurammonium chloride, 69, 181 
Mercury, 68 

ammonlated, 69, 181 

chlorides, 69, 128, 180 

com pounds, 69 

cyanide, 69, 161 

iodide, green, 153 
red, 154 
yellow, 158 

nitrate, ointment, 178 
soIuUon, 177, 178 

nitrates, 69, 177. 178 

oxide, black, 94 
red, 92 
yellow, 98 

ozTchloHdeB, 08 

snbsulphate, 204 

snlphalef, 69, 204 

sulphide, black, 166 
Metallic beads, SSI 
Met^43 

and alloys, 358 
Metaphos|)boric acid, 211, 214 
Metastannic acid, 77 
Methane. 89 
Methyl salicylate, 811 
Mica, 35 

MIcTocosmIc salt, 217 
Microscopic examination of nrine, 403 
Milk of Iron, 221 

sulphur, 26 
Mlstura ferri et anunonii acetatis, 363 



Molybdates, 80 
Molybdenum, 80 

compounds, SO 
Monsel's powder, 200 

salt, 200 

solutioD, 199 
Morphine, teste for, 888 
Muriate of ammonia, U8 
MnriaUc acid, 113 

acids, commercial, 114 

NARCOTINE, tests for, 888, 384 
atrium, 48 
Niccolum, 54 
Nickel, 54 

compounds, 55 
Nltrat«, aiumtn linn, solution, ITS 

ammonium, 105, 171, 173, 174 

barimn. 174 

bismuth, 188 

glycerite, 188 

copper, 177 

fenic, 175. 176 

feiTons, 175 

lead. ITS 

mercuric, 1T8 

mercurous, 17T 

mercury, ointment, 1T8 

potassium. 98, ITl, 172 

sIlTsr, 179, 180 
diluted, 180 
fused, 180 

sodium, 101, 171, 173, 178 
Nitrates, 26, 169 

bismuth, 188 

detection of, 846 

iron, ITS 

mercury, ITT, 178 
Nitric acid, 35.169 

diluted, 172 

experiments, 25 

saturating power, ITl 

specific graTitles, table, 171 

acldb of the pharmacopiviae, 173 
Nitrites, 184 

potassium and cobalt, 54 
Nitrogen, 20, 21, 28, 24. 25, 26 

and hydrogen, 33, 24 
iodine, 26 
oxygen, 21,22,28 

dioxide, 31, 32 

combustion in, 32 
preparatioD, 21, 22 

experiments, 21 

hydrogen and oxygen, 35 

iodide, 18, 36 

monoxide, 31 

oxides, 31 

pentoxide, 21,28 

preparation, 20, 21 

tetroxide, 21,22,28 

trioxide, 31, 2S 
NItrohydrocbloric acid, 115 
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Nitrobydrochlorlc &cid, dilated, 115 
NlUomarlatlc acid, US 
dilmed, lis 
Nitroayl chloride. 2S 
Nitroua f umeH, 32 
Non-metallic elementf, 3 
Normal aolutioos, 855 
Kns vomica, assay of preparations, SS 

OIL of gsultberta, 811 
turpentine, combustion of, i 

chlorine, 11 
idtriol, 187 
wlnlergMon, Sll 
Ointment of nitrate of mprcury. 178 
Oleate, aluminium, 274 
ammonium, 378 
bismuth, 27S 
calcium, 278 
copper, 276 
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, 276 



lead, 276 
mercuric, 276, 277 
pOtasatnm, 93, 273 

silver, 271 

sodium, 101, 278 

zinc, 274 
Oleates, 271 
Oleic acid, 271 
Olein. 271 

Opium, assay method for, 384 
Orthoarsenate, sodium, 248 
OrthophoBphoric acid, 211 
Onhopbenolsul phonic acid, 300 
Oxalate, ammonlnm, 280 



potassium, acid, 280 
normal, 379 
Oxalates, 278 

detection of, 848, 349 
Oxalic acid, 279 
Oxide, antimony, 98 

arsenous, 87 

bismnth, 06 

calcium, 88 

copper, 92 

ferric, 91 

ferroso-ferrlc, HI 

iron, 01 

magnetic, 01 
saccharated, 820 

magnesium, 89, 00 

mercury, precipitated, 9! 
red, 02 
yellow, 93 

silver, 95 

zinc, 90 
Oxides, 86 

hydrogen, S 

iron, 91 

mercury, 92, 93 

nitrogen, 21 



Oxides pbospborus, 33 
Oxidizing Agents, 16 
Oxyacids, 85 
Oxychloride, antimony, 138 

bismuth, 188 

iron. 111 

mercury, 93 
Oxygen, 3 

and carbon, 87, 38 ' 
hydrogen, 7, 8, 9 
nitrogen, 21, 22, 23 
phosphorus, 33 
sulphur, 29, 30 

apparatus, 6 

combustion in. 5, S 

experiments, 3, 4, 5, 6 

for Inhalation. 6 

preparation of, 8, 4, 5, 6 
Oxy iodide, bismuth, 155 
Oxysulpbide, antimony, 108. 
Oxysulphuret of antimony, 168 
Ozone, 6, 16 
Ozone teat paper, 9, IB, 17 

test for, 17 . 



PALMITATES, 371 
almitin, 271 
Paraoxy ben zoic acid, 311 
Pearl ash, 329 

Pepsin, testing of, 378, 874, 875 
Permangauate, potaaBium,56, 250 
Permanganates, 58, 250 
Petroleum, 89 
Phenates, 305 
Phenol, 305 

and iodine, 19 
camphorated, 807 
crude, 308 
hydrate, 805 
iodi/ed, 307 
Phenol-phtaldn, 859 
Phenols, 305 
Phenylates, 805 
Phenylic acid, 806 
I Phosphate, ammonium, 105, 212, 313, 
! 317 

calcium, 218 
j iron, blue, 219 

! precipitated, white, 321 

j soluble, 221,222 

I syrup, 220 

I U. B. P. 1870, 219 

U. B. P. 1880, 232 
white, 221 
manganese, 222 
potassium, 98. 2!2, 313. 214 
sodium, 101, 313, 313, 214 
and ammonium, 217 
sodium, dried, 216 
Phosphates, 209 

detection of, 847 
in urine, 402 
Phospho-molybdate, ammonium, BO 
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Phosphorated oil, ^i 
Pbosphoretted hydrogen, 33, 34 
Phosphoric acid, 33, 20e 

diluted, situ rati Dg power,213 
glacial, 314 
MtaratlDg pow«r, 313 
specific gravirteB, table, 312 
sjTupy, 213 
acids, diluted, of the phamaco- 
pCTias, 318 
of the pbarmacopu'iu, 212 
oxide, 
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combustion of, in oxygen, 6 

experimeDta, 6, 33, 33 

gtaaulated, 33 

oxides, 33 

pentoxlde, 83 

preparation of, 81 

red, S3 

BolnUoD, 32 

tincture, 32 

trioxide, 38 
I^crlc acid, 310 
Pill of carbonate of iron, 341 

Iron carboDste, 341 
Pitchblende, 07 
Flutfir, lead, 271. 276 

of Pans, lai 
Plasters, 371 
Platinum, 79 

componnds, 70 
Porcelain, 348 
Pot-aab, 46, 22B 

calcined, 230 
Potassa, 07, Bti, 103, lOB 

alum, 61, 104 

cum calce, 88 

saturating power, 07, 98 

solution, 00, 100 

solution. B.R, lOO 
G.P., 100 

saturating power, 100 
8wed. P.. 100 
specific gravities, table, 100 

sulphurated, 163 I 

with lime. 08 
Potasdo-ferric tartrate, 59 | 

Poltwstum, 44 

acetate, 45, 97, 254. 255, 256 

arsenite, 40, 68, m 
solution, 250 

benzoate, m, 315 t 

hloarbonate, 46, 98, 102, 106, 380 I 

bichromate, 10, 45, 62 

bitartrate, 45, 284 - ' 

botocitrale, 804 | 

borotartrate, 289 ! 

bromide, 45, 98, 186 | 

carbonate, 45, 98, 103, 106, 229 

chlorate, 4, 46, 184 | 



Potassiam, chlorate, grHnnlated, 184 

chloride, 46, 46, 98, 113, 115, 116- 
specific gravttie!> of solu- 
tions, table, 116 
chromate, 45, 62 
citrate, 45. 98, 302 
solution, 392 
cyanide, 45, 96, 159 
compound a, 4S 
hydrate, 45, 97, 98, 102, 106 
saturating power, 97, 06 
solution, 46, 99, lOO 

speclSc gravities, table,. 
100 
solutions. 100 
iodide, 45, 143 

solutions, speclflc gravitfes 
of, table, 146 
hypochlorite, 165 
hypo phosphite, 42, 335 
lactate, 9S, 269 
malate, 304 

nitrate, 45, 08, 171,173, 178 
oleate, 45. 96, 272 
oxalate, 46, 280 
permanganale, 46, 56, 2S0 

standard solution of, 362, 36& 
phosphate, 46, 98. 218, 318, 314 
preparations, table of, 40 
pyroantimonate, 43 
pyrophosphate, 214 
salicylate, 46, 98 
sodium borotartrnte, 289 

tartrate, 46, 265 
BulphBte,45. 98, 189, 190 
sulphide, 45, 163 
sulphite, 46, 207 
sulphocyanate, 45, 58 
tartrate, 46, 98, 383 
Precipitated sulphur, 28 
Prussian blue, 59, 160, 161 
Prusslc acid, 107 
Purple of Casatus, 78 
Pyroautimouates, 43 
IVroarseDHte, sodium, 348 
F^rollgneous acid, 42 
ftroluslte, 06 
I^rophosphaie, 

iron, precipitated, 223 

soluble, 334 
sodium, 233 
Pyrophosphates, 233 
I^rophoaphorlc acid, 214 



QUALITATIVE analysis, 83'( 
uartz, 34 
Quercitannate, lead, 319 
Quicksilver, 68 

preparations, table, 69 
Qninidine sulphate, tests for, 880 

tests for, 877, 378 
Quinine, dried at 100^ C. 299 
in cinchona bark, 362 
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Quinine, moDohydrate, 290 
sulphate, teMa for, 380 
tests for, 377,379 



411 
Red oil, 371 

precipitate, 93 
Redaced iron, GT, 58 

teats, 831 
Reioscli's test, 78 
Rochelle aait, 45, 285 
Roclc salt, 117 

SACCHARATE of lime, 830 
accharated iodide of iron, 148 
oxide of iron, 830 
BocctiaTaBe, 40 
Sal CarlBbad(>DSe, 190 
sodai, 331 
voiatile, 234 
Salicylate, ammonimn, 105 
blsmutti, 313 
lithium, 313 
methyl, 811 
potassium, 98 
sodium, 101, 812 
zinc, 318 
Salicylated camplior, 313 
Salicylates, 311 
Salicylic acid, 811 
Salt, 48, 117 
Salt, solutions of, specific gravities, 

table, 117 
Saltpeter, 178 
Salts of tartar, 239 
Santonlnate, sodium, S21 

^bumloated, 821 
SaponlflcaUon, 272 
SatDratiog power, acetic acid, 354 

diluted, 2oS 
glacial, 256 
ammonia, 105 
benzoic acid, 81 S 
citric acid, 293 
hydrobromic acid, 186 
hydrochloric acid, 118 
diluted, 115 
lactic acid, 289 
maenesia, 90 
nitric acid, 171 

diluted, 173 
plioapboric acid, 313 

diluted, 213 
potassa, 97, 98 

solution, 100 
soda, 101 

sulphuric acid, 180 
sulphurous acid, 207 
tartaric acid, 288 
Schlippe's salt, 167 
Schoonbein's test for ozone, 17 



Sediment of urine, 403 
Silica, 30 
Silicates, 86, 246 
Silicon, 34 
Silver, 67 

chromate, 62, 67 
compounds, 68 
cyanide, 68, 163 
iodide, 68, 155 
nitrate, 68, 179 

diluted, 180 

fnsed, 180 

standard solution, 860, 361 

use of. In analysis, 361, 363 
oleate, 277 
oxide, 68, 95 
Smalt, 54 
Soap, 271, 273 

castUe,373 

green, 271 

bard, 271 

soft, 271 

Soda, 101, 103, 106 

asb, 381 

manufacture, 231 
sal, 231 

saturating power, 101 
solution. 102 

spedflc gravltiee, table, 102, 103 
water, 38 
Sodium, 43 

acetate, 44, 101, 354, 255. 266,357 
ammonium phosphate, 317 
antimony chlorlae, 138 
arsenate, 44, 247. 248 

• solution, 248 
arsenite, 44, 88, 101 
benzoste, 44, 101, 315, 816 
bicarbonate, 44, 08, 102, 106, 338 
bUulpbide, 44 
bitartrale, 286 
borate, 44, 345 
bromide, 44, 101, 186. 137 
carbonate, 44, 98, 103, 106. 231 

anhydrous, 282 

dried. 232 
chlorate, 44, 186 
chloride, 44, 118, 115, 117 

solutions, sp. gf. ol, 117 
citrate, 44,101,303. 203 

solutions, 203, 293 
compounds, 44 
cyanide. 101 

decomposition of water by, 7 
hfdrate,44, 101, 103. 106 

solution, 44, 102, 103 

speclflc gravities, 102, 103 
hypochlorite, 186 
hypopboaphlte, 44, 326 
bypoeulphlte. 305 
iodide, 44, 145 
lactate, 101, 269 
nitral*, 44, 101, 171, 172, 173 
oieute, 44, 101, 273 
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Sodium, orthoaraeiiKte, 348 

orthophoBpbate, 44, 101,213, 318 
pbospbate, 44, IQl, 213, 3I& 214 

dried, 316 
potasaiam tartrate, 2S5 
PTToaDtimonate, 4S 
pjToaraeiiate, 24B 
P]nropliosphat«, 44, 238 
saUcylste, 44, 101, 313 
Balicylate of sodium, 811 
BaiitoD[DBb>, 44, 321 

albuminated, 331 
snlphate, 44. 101, 18Q, 190 
sulphide, 44. 1S4 
sulphite, 207 
aolpliocarbolatp, 44, SOB 
tartrate, 44, 101, 388, 28S 
thioBulphnte, 44, 305 

uses of. In aoBlysis, 864, 3*15, 

sm 

standard solution, 364, 365 
tuDgBtate, SO 
valerate, 44, 101, 3Q6 
Soft soap, 271 

SolubUities, table of, 410, 420 
Solution of acetate of ammoDtum, 258 
Iron, 260 
alumlDlum nitrate, ITS 
chloride, 133 
acetate, 2S0 
ammonia, 103, 104, 105, 106 

■peciQc graTi^ table, 106 
ammonium acetate, 258 

citrate, 208 
arsenate of sodium, 348 
arseulte of potassium, 350 
ftrsennus acid, 349 
calcium chloride, ISO 
carbolic acid, 306, 307, 308 
chloride of BTseoic, 349 
chlorinated sods, 186 
DonoTan'g, 158 
Fowler's, 250 

of iodide of arsenic and mer- 
cury, 158 
Iron acetate, 360 
chloride, 136 
B. P., 136 
Ft. Cod., 126 
G. P., 128 
Swed. P.. 126 
U. 8. P., 136 
citrate, 297 

with quinine, 301 
dialysed. 111 
nitrate, 176. 176 
perch loride, 12S 
pemitrate, 175 
Bubsulphate, 195 
tersulphaCe, 198 
Labarraque's, 186 
lead eubacetate, 363 
lime, 107 
magnesium citrate, 396 



EX. ' 433 

Solution of mercury nitrat«, 178 
Mon*el'e, 199 
osjchlorlde oC Iron, 111 
potassa, 98, 100 

B. P., 100 
G. P., 100 
speciHc gravittee, table, 

100 
Swed. I'., 100 
potBssium citrate, 292 
soda, 102 

epecidc gravities, table, 103, 
108 , 
sodium aiaenate, 248 

Bubacetate of lead, 368 
subsulphate of Iron, 199 
sulphurated time, 166 
tersulphate of Iron, 198 
zinc chloride, 121 
Soot, 85 
8peci;Qc gravity, determination of, 411, 

412, 413 
Spirit of ammonia, 108 

aromatic, 234 
Stabl's tincture, 110 
Standard solutions, 866, 357 
Stannic chloride, 78 
Stannous chloride, 78 
Starch, 40 

andiodine, II, 16, 18 
conversion into glucose, 40 
Stearates, 371 
Stearin, 271 
SUbnite, 75 
Strontium, 50 

compounds, 60 
fiti^cbnine, tests for, 385 
Subacetate of lead, solution of, 363 
Subcarbonate of bismuth, 243 

iron, 91, 239 
Sublimed sulphur, 37 
Subnitrate of blsmutti, 181 
Subsulpbate of iron, 200 

solution, 199 
mercury, 204 
Sugar, 40 

analysis, 368, 369 

compounds with lime and Iron, 

330 
fermentation of, 40, 41 
in urine, 391, 392, 893 
of lead, 262 
Sulpharsenitea, 78 
Sulphate, aluminium, 198 

and potassium, 194 
ammonio-cupric, 204 
ammonium, 105, 189, 19] 
calcium, 191 

dried, 191 
copper, 303, 308 

alumlnated, 304 
ammoniac al, 203 
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Sulph&te, cnpner, granulated, 203 
precipitated, 303 
Inm, l&S 

and ammontum, 201 
basic, 200 

solution, 109 
dried, 197 
granulated, 197 
normal, 108 
precipitated, IQ7 
magaesium, 193 
manganeae, 201 
mercury, 2M 
wiite, 304 
yellow, 204 
potassium, 98, 189, 100 
sodium, 101, 189, 190 
zinc, 192 
Sulphates, 187 

detection of, 345 
mercury, 204 
Sulphide, ammonium, 164 
antimonic, 107 
antimonoua, 166 
purified, 166 
calcium, 104, 165 
solution, 165 
hydrogen, 182 
Iran, 165 
mercury, 185 
potuaium. 163 
sodium, 164 
Sulphides, SO, 103 

antimony, 166, 187, 168 
detection of, 346 
Sulphite, calcium, 307, 208 
magnesium, 207, 306 
potassium, 306 
sodium, 20T 
Sulphites, 206 

detection of, 346 
Sulpbocarbolate, barium, 309, 310 
sodium, 300 
zinc. 8!0 
Sulphocarboiaies, 309 
Sulphocarbolic acid, 300 
Sulphur, 26, 27, 28, 39 

and hydrogen, 30, 163 
oxygen. 39, 30 
Hnhydrldes, 29, 30 
bleaching by, 30 
combustion of, iu oxygen, 6 
Sulphur dioxide, 6 

experiments, 6, 20, 37, 80 
iodide, 143 
millt of, 39 
precipitated, 38 
sublimed. 27 
washed, 37 
Sulphurated xutimony, 106 
lime. 104 

solution, 103 
oil, 29 
potossa, 168 



Sulphuretted hydrogen, 80, 102 
Sulphuric acid, 187 

aromHtIc, 189 

diluted, 138 
Sulphurous acid, 30, 306 

oilde, 80 
Suhacetate, lead, glycertte of, 201 

solution, 2Q3 
Sympathetic ink, 54 
Byrup of bromide of Iron, 140 

faydriodic acid, 142 

iodide of iron; 149 
manganese, 151 

lactopbosphate of calcium, 
219 



rpANNIC add, 318 

glycerite, 818 
Tanuate, bismuth, 819 

lead, 819 
Tannin, 318 

estimation of, 871, 373, 378 
Tartar, borax, 289 

crude, 284 

emetic, 77, 298, 289 

purified, 284 
Tartaric acid, 283 
Tartrate, ammooiani, 105, 283 

antimony and potassium, 288 

calcium, 283, 384 
Tartrate Iron and ammonium, 287 
potastiium, 286 

magnesium, 90, 286 

potassium, 98, 288 
and sodium, 385 

sodium, 101, 283,385 
and potassium, 286 
Tartrates, 383 

detection of, 348, 849 
Temperatures, common, 416 

equivalent, 415 
Tersulphate, iron, Boiotion, 198 
Testing of pepsin, 873, 874, 375 
Tests for ac I da, 844 

aluminium, 837, 838 

ammonium, 844 

antimony, 830 

arsenic, 336 

barium, 339. 341 

bismuth, 334 

cadmium. 385 

calcinm, 389, 341 

chromium, 337, 888 

cobalt, 339, 840 

copper, 834, 335 

iron, 387, 338 

lead,33a,333, 334 

magnesium, 342, 348 

manganese, 839, 340 

mercury, 333, 883, SS4 

nickel, 340 
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Tests for potasshim, 843 

atlvM, 382, S3B 

sodium, 843 

stron^um, 380, 341 

Un, 336 

ziDC, 389, 840 
TheTmometers, teats of, 414 
Tblosulpbate, sodium, 303 
Tin, 77 

compounds, 78 
Tincture of acetate of iron, 261 

chloridn of Iron, 127 
ethereal, 127 

cit«y«hlori(ie of Iron, 128 

iodine, 17 

decolorized, 18 

phosphorus, 32 
Tinstone, 77 
Trinitrophenol, 310 
Trommer's t^st, 392 
TuogstateB, 80 
Tungsten, 80 

compounds, 80 

sulphide, 80 
Turpetb mineral, 204 



TTRANIUM,57 
KJ com pounds, S7 

solullon, 366 
Urea in urine, 3S7, 398, 3S9, 400, 4 
Uric acid in vriue, 396 
Urine, analysis, 387 

color of, 388 

spedflc gravity of, 388 



VALERATE, ammonium, 106, 267 
iron, 268 

sodium, 101, 266 

zinc, 207 
Valerates, 205 
Valeric acid, 2(15 
Vallet's mass, 241 
Valuation of jalap, 373 

cinchona. 381 

malt extract, 871 

nux vomica preparations, 386 

opium, 384 

pepsin, 873, 874, 375 



Vinegar, 42 
Volumetric analysis, 354 

apparatus, 355, 856 
determination of calcium, 368 
iron, 863 
oxalic acid, 308 
oxalBi«H, 363 
Volumetric test for acetic acid, 253, 294 
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ASHED sulphur, 27 



composition of, 8, 

decomposition of, by sodium, 7 

dlBtiUed. 84 
Weights and measures, 416, 417 
White lead, 66, 242 

precipitate, 181 

vitriol, 192 
Wolframlum, SO 

Wood, destructive distillation of, 35 
Woolfe bottles, 12, 13 
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ELLOW oxide of mercury, 03 
sulphate of mercury, 804 
wash, 04 



7INC, 52 

J acetate, 53, 26H 
blende, 52 
bromide, 53, 140 
carbonate, 53, 288 
chloride, 63, 120 

Eolntion. 53, 121 
chromote, 52 
compounds, 53 
cyanide, 58, 160 
ferrocyanide, 53 
flowers, 90 
hydrate, 52 
iodide, 53, 147 
lactate, 53, 2fi9 
oleate, 53, 374 
oside, 53, 90 
salicylate, 53, 818 
sulphate, 7,63, 192 
sulphocarbolate. 53, 310 
valerate, 58, 267 
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PLATE I. 

CiTstels of "triple phosphate" or phosphate ot ammoniiim and 
magneeiam (NH,]^P0^.6H}0). These are very oommon and 
are deposited from healthy nrine which has become alkaline. 
They hare also been found in urine hsTing a decided acid 
reaction. 

Crystals of triple phosphate with neutral caloiom phosphate 
{Ca,(PO,),), stellar form. 

Crystals of triple phosphate from nrine to whioh ammonia water 
had been added. 

Stellar crystals of calcium phosphate, with nodoles and dmnbbells 
of the same compound. These last forms are by no means as 
common as the others. 

Octahedral crystals of calcium oxalate (CaC,0,.HaO). This is a 
deposit very frequently met with in Tuine of alkaline, neutral or 
very slightly acid reaction. 

Dumbbella of calcium oxalate. This modification oocui^ in all 
shapes from the tme dumbbell to an almost perfect sphere, but 
is far less common than are the octahedra. 
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PLATE II. 

1. Common forms of ario acid cryrtalB. These have iisiiall7 a yellow 

color or even a deep reddish yellow. Sometimee, however,' 
th^ are depoeited from nrine almost free from color. 

2. Another very oommon form of uric acid oiyBtaL 

8. We have here bnnohes of crystals which bear a slight reeemblaaoe 
to the stellar neutral calcinm phosphate, and otihOTB which seem 
to coBflist of bundles of narrow oiystaUine platea 

4 Sodium urate. The smaller spicolated crystals are very common 
in old Bedimente. 

5. A deposit very frequently observed, supposed to oonsist of ammo- 

nium urate, 

6. Mixed orates of sodium and ammonium. 



db.Gboglc 




D,a,i,.ab,GoOgle 



db.GoogIc 



db.Google 



PLATE III. 

L SfdieteB of leaoin (amido-caproio aoid,) OfiJifO^ Thia is not a 
common depoeit; it is foaud in urine in oasea of acute yeUow 
atrophy of the liver, and after acute phoephoms poisoning. 

2. Keedles of tyroain, C^„NOj, Oocnrs sometimes -with leuein 
and is observed in bnnch^s of fine needles radiating from a 
center or in loose masses of Jieedles <a\>ssing each other in all 
directions. 

8. Plates of cystin, C,H^SOi, very thin and nearly transparent. 
By some authors it is regarded as a normal constitnent of orine, 
and is frequently mat with in small amoont. 

4 Vaginal epithelium. 

5. Two forms of bladder epithelinm frequently seen. 

6. Commoner forms of urethral epithelium. 
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PLATE IV. 

Blood corpuscles. Those repraeentecl in the lower part of the field 
have lost theix sharp outlines, as is nsnally the case in orine which 
has stood for some tima Blood corpuscles, when occurring in 
fresh urine, are easilj recognized by their yellowish color and 
depressed centers. Owing to this peooliar shape the center 
appears alternately light and dark cm changing the focus of the 
micioBoope. 

Sometimes the oorpnsoles appear as flattened disks standing 
on edge, as shown in the upper part of the field. 

Pus corpuscles. The lower part of the field shows them as fre- 
quently found in urine. If when on a slide, ready for examina- 
tion, a drop of dilute acetic acid is introduced under the cover 
glass, the nudei are made very distinct as shown in the upper 
part of the field. 

When urine containing pus is allowed to settle in a conical 
glass and the supernatant liquid then poured off the residue can 
be used for a charaoteristic tesL To this end add to it some 
strong solution of potassinm hydrata This converts the pus 
into a glairy gelatinous mass which will remain In the glass 
when this is inverted. 

Well defined granular caste. These are usoally recognized with- 
out difBculty. 

Waxy casts. It is scarcely posmble to give a faithful representa- 
tion of the microscopic appearance of these on paper. They 
have, as shown, weU defined outlines, but are nearly transparent 
and possess a peculiar waxy consistence which is easily reoc^- 
nized when once seen. 

Ephithelial casts, mucus corpusdes and dystals of triple phos- 
phate, found in the same field. 

Hyaline casts of several forms. These are OHually veiy trans, 
parent and frequently can be found only after very patient search, 
with careful adjustment of the illmnination; B(»netimeB they ' 
poesess considerable length and there is then danger of oon- 
founding them with stringy mucin bands shown in Plate V, 4. 
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PLATE V. 

1. Caste ehowiag blood corpuscles and fat globules. Both forms are 

easily recognized with a little practice. 

Yagioal and urethial epitheliom are shown in the same field. 

2. Casts covered with large mnons corpiuclee; another oast contains 

granular matter and blood COTpusdee. Free blood corpusclee 
and crystals of triple phosphate are shown in the field 

8. Human spermatozoa. . 

4. Muciu bands. These are frequently of great length and have a 

stringy appearance; on© is shown ooTered with a deposit of 
granular matter (urates). Mucin bands are found in urine free 
from albumen. 

5. Several fungous growths found in urine. In the upper part of the 

field we have the jointed rods of penicillium glauGum ; to the 
right the yeast fungus, tomla cerevisicB; below, the area fer- 
ment by which urea is decomposed giving the orine an alkaline 
reaction. To the left is shown a mass of yeast oeUs grouped 
around dark crystals of uric acid. 

6. Foreign matters frequently found in urine. 

In the upper right hand portion of the field a piece ol a 
hair is shown ; in the upper left hand a fiber from a woolen blaobet: 
the threads in the center of the field (vertical) are cotton 
fibers; the three threads passing from left to right downwards 
are silk fibers. The student should practice on the identifica- 
tion of these and other matters which are likely to find th^ way 
into urine from olothing or from otiier sonroek 
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